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ABSTRACT

In its primary mode of operation the 60-ft X-band antenna at NRL's
Microwave Space Research Facility is positioned by means of a digital con-
trol system, the Navy Antenna Computer Tracking and Command (NACTAC)
system. Both hardware design and software programming of the NACTAC
system are operator oriented with respect to the manner in which require-
ments are defined and control is exercised.

Operating procedures for the NACTAC system can be separated into
operator data entry to the NACTAC program via the typewriter at the com-
puter console and operator actuation of switches at the main antenna control
console. Source data may be entered by the operator at any time prior to its
use and can include information on sites, frequencies, refraction, satellites,
the sun, the moon, planets, and stars. Following the entry of source data,
the operator then directs the system via the switches at the main control
console. The operator can designate a fixed antenna position in coordinates
of azimuth-elevation or right ascension-declination. Alternatively, he may
select program tracking of some satellite or celestial object. Time offsets
and angular offsets can be entered by the operator through thumbwheel
switches on the controlconsole for situations which require operator correc-
tion of the programmed tracking path. With the exception of certain cases,
the operator may choose elliptical or spiral scan acquisition sequences cen-
tered around a program tracking point or designated fixed positions. Scan
velocities and other parameters are controlled through thumbwheel switches
on the control console. When a signal from either of two receivers is avail-
able during an operator-selected scan, a momentary acquisition will cause
control to be transferred to a series of computer-controlled procedures
leading to acquisition and automatic tracking. A variety of displays continu-
ously available to the operator at the control console further enhances his
ability to maintain effective control.

System operating procedures are described in detail. They include com-
puter startup, loading of the NACTAC system program, computer-operator
dialogues for entering NACTAC source data, operator-designated selections
available from the main control console, NACTAC diagnostics, data card for-
mats, and computer shutdown procedures.

PROBLEM STATUS

This is a final report on one phase of the NRL Microwave Space Research
Facility. Work on other phases is continuing.

AUTHORIZATION

NRL Problem ROI-36
Project XF 48222001

Manuscript submitted April 2, 1970.
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THE NRL MICROWAVE SPACE RESEARCH FACILITY

Operating Procedures of the Computer Control System
for the 60-ft X-Band Antenna

INTRODUCTION

To extend the Navy's program in satellite communications, a fully steerable 60-foot
X-band antenna system having a Cassegrainian configuration (Fig. 1) is now in operation
at NRL's Microwave Space Research Facility located at Waldorf, Maryland (Fig. 2).
Various aspects of the Waldorf antenna system have been discussed at length in other
reports on the Microwave Space Research Facility (1,2).

The NRL designed and developed Navy Antenna Computer Tracking and Command
(NACTAC) system is the real-time digital control system for the Waldorf 60-foot X-band
antenna. The NACTAC system consists of both hardware and software elements for dig-
ital control of the antenna and for acquisition of data for processing and display (Fig. 3).
This report, however, is concerned only with the operating procedures for computer
control of the antenna system. As the communications link between the operator and the
antenna, the software programs allow the operator to (a) enter program source data such

i 0 ̂ --d

Fig. 1 - The Waldorf 60-ft X-band antenna
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BASS AND TOWNSEND

Fig. 2 - Aerial view of the NEL Microwave
Space Research Facility

as that listed here; (b) designate a fixed antenna position; (c) select program tracking of
a satellite of celestial object; (d) generate spiral or elliptical scans centered on fixed or
program tracking points; (e) execute any one of a series of acquisition sequences, which,
on acquisition, transfer control of the antenna to the automatic tracking mode; (f) enter
program offsets in azimuth, elevation, and time; and (g) display the time, the antenna
position, the position error, or the velocity and data on the local and on one remote site
for an operator-defined source. NACTAC source data may be entered by the operator at
any time prior to its use and can include information on sites, frequencies, refraction,
satellites, the sun, the moon, planets, and stars. The operator may designate a fixed
antenna position in coordinates of azimuth and elevation or right ascension and declina-
tion. Alternatively, he may select program tracking of some satellite or celestial object.
To do this, the operator need only designate the source for which the data are desired,
and the program will compute the object position in real time from such data as orbital
elements and Naval Observatory data. When the antenna is in the digital mode, it will
track the operator-designated program source or any other compatible remote source
the operator selects.

Time offsets in azimuth and elevation can be entered by the operator through thumb-
wheel switches on the control console for situations which require operator correction of
the programmed tracking path. In every case, real-time displays of the antenna position
and the time are provided for the operator. If he so chooses, the operator may also have
the difference between the antenna position and the programmed position displayed or,
with the source object and frequency defined, the source range, range rate, doppler shift,
and free-space attenuation. In the digital mode, the operator may select one of several
scan acquisition sequences centered around the programmed tracking position. With the
exception of certain cases, the operator may choose either spiral or elliptical scans
whose parameters and scan velocities are designated through thumbwheel switches on
the control console. When a signal from either of two receivers is available during an
operator selected scan, a momentary acquisition will cause control to be transferred to
a series of computer-controlled procedures leading to acquisition and automatic tracking.

2



NRL REPORT 7110

Fig. 3 - NACTAC system block diagram
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4 BASS AND TOWNSEND

The hardware portion of the NACTAC system includes a CDC 924A general purpose
computer having a 16,384 word memory, four magnetic tape units, a card reader, a type-
writer, a line printer, and other standard computer input/output (I/O) devices (Fig. 4).
Control of the antenna is shared between four consoles: the computer console (Fig. 5),
the interface console (Fig. 6), the test control console (Fig. 7), and the main control con-
sole (Fig. 8). Inputs to the system include the standard computer I/O hardware, thumb-
wheel switches, pushbutton switches, and special antenna interfaces. The lighted push-
button switches do not provide direct control over any interface circuits with the exception
of those controlling the real-time clock. The actuation of these switches is sensed by the
software program to which the computer responds with software control of the associated
light. System outputs associated with antenna control include the standard computer I/O
hardware, digital in-line displays, and interfaces with the antenna servo system.
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Fig. 4 - Portions of the CDC 924A computer
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Fig. 8 - Main control console

The development and NACTAC system operating procedures were completed after
installation of the computer. As sections of the operating procedures were completed,
they were stored on magnetic tape. New sections, modifications, and corrections could
then be easily made by additions or deletions to the stored information. A new manual
can be made available to the operator in a matter of several minutes. The following
sections of this report are an actual line printer listing of the NACTAC system operating
procedures made at the Waldorf site from magnetic tape.
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SYSTEM ORGANIZATION

THE NAVY ANTENNA COMPUTER TRACKING AND COMMAND SYSTEM (NACTAC) CONSISTS
BOTH OF HARDWARE AND SOFTWAQE ELEMENTS. THE HARDWARF PORTION OF THE
SYSTEM CONSISTS OF THE FOLLOWING:

(l) CDC 924A COMPUTER
(2) FOUR MAGNETIC TAPE UNITS
(3) LINE PRINTER
(4) CARD READER
(5) TYPEWRITER
(6) PAPER TAPE READER
(7) PAPER TAPE PUNCH
(8) OTHER STANDARD COMPUTER I/O DEVICES
(9) MAIN CONTROL CONSOLE
(10) TEST CONTROLLER CONSOLE
(11) INTERFACE SYSTEM INCLUDING THE INTFRFACF CONSOLEP MULTIPLEXERV

A/D CONVERTER. D/A CONVERTERS, AND SYSTEM CLOCKS
(12) ANTENNA SERVO
(13) ANTENNA ENCODERS
(14) RECEIVING AND TRANSMITTING EQUIPMENT
(I5) X/Y PLOTTER AND CRT DISPLAYS
(16) MISCELLANEOUS CONTROLS AND INTERRUPTS

THE SOFTWARE PORTION OF THE NACTAC SYSTEM IS CALLED NACSYS. NACSYS HAS
THE CAPABILITY OF OPERATING IN EITHER A REAL TIME OR NON-REAL TIME MODE.
IN THE NON-REAL TIME MODE, NACSYS CONSISTS OF A BASIC MONITOR SYSTEM,
GENERAL EXECUTIVF ROUTINES FOR CALLING AND FXECUTING BOTH INTRINSIC AND
EXPLICIT ROUTINES' AND THE INPUT/OUTPUT (1/0) DRIVERS. INTRINSIC
ROUTINES ARE ENTIRELY SELF-CONTAINED AND PERFORM SUCH FUNCTIONS AS THE
CONTROLS READING. WRITING, AND LISTING OF TAPES. EXPLICIT ROUTINES ARE
CALLED FROM A GENERAL LIBRARY MASTER TAPE FOR EXECUTIONP AFTER WHICH
CONTROL IS RETURNED TO THE MONITOR PORTION OF NACSYS. THEREFORE, WHEN IN
NON-REAL TIME MOnE. THIS SYSTEM CAN BE COMPARED TO A BATCH PROCESSING
SYSTEM HAVING TYPEWRITER CONTROL.

IN THE REAL TIME MODE. NACSYS IS A MULTI-LEVELt MULTI-PROGRAMMED.
TIME-SHAREn SYSTFM CONSISTING OF FOUR PRIMARY LEVELS WITH FIXED
PRIORITIES UNDER THE CONTROL OF A SPECIAL REAL TIME EXECUTIVE. IN
ADDITION TO THESF FOUR PRIMARY LEVELSt THERE ARE ALSO A NUMBER OF SUB-
LEVELS WHICH HAVE NO ASSIGNED PRIORITIES BUT WHICH OPERATE ON A FIRST
COME FIRST SERVED BASIS. IN THE ORDER OF DECREASING PRIORITY. THE
PRIMARY LEVELS ARE ANTENNA CONTROL, ANTENNA PROCESSING. MONITORt AND
DATA PROCESSING. THE BASIC NON-REAL TIME PORTION OF THE SYSTEM
OPERATES ON THE MONITOR LEVEL IN REAL TIME RFTAINING ALL OF THE SYSTEM

CAPABILITIES WITH THE EXCEPTION OF CERTAIN ROUTINES ON THE MASTER TAPE
WHICH ARE ONLY ALLOWED IN NON-REAL TIME OPERATION. THE MONITOR LEVEL
CONTAINS THE GENERAL PROGRAM EXECUTION AREAS FOR NACSYS IN ADDITION TO
THE GENERAL EXECUTIVE CONTROL. SPECIAL INTRINSIC MONITOR LEVFL
OPERATIONS, AND THE STANDARD 1/0 DRIVERS FOR NACSYS. ONLY THE MONITOR
LEVEL HAS ACCESS TO THE GENERAL LIBRARY TAPES ON THE MASTER TAPE AND THE
STANDARD 1/0 DEVICESP WHICH INCLUDE THE MAGNETIC TAPE UNITS, THE LINE
PRINTER. THE CARD READER, THE TYPEWRITER, THE PAPER TAPE READER' AND
THE PAPER TAPE PUNCH.

THE FOUR PRIMARY LEVELS ARE ADMINISTERED BY A REAL TIME EXECUTIVE WHICH,
UPON AN EXTERNAL OR INTERNAL INTERRUPT NOT AFFECTING A NON-PRIORITY
CONTROLLED SUB-LEVEL, EXAMINES THE CURRENT STATUS OF EACH OF THE PRIMARY
LEVELS AND DESIGNATES WHICH LEVEL IS ro BE USED BASED UPON ITS PRIORITY
AND STATUS. BEFORE OPERATING ON THIS LEVEL. HOWEVER. THE PREVIOUS LEVEL
INFORMATION SUCH AS REGISTERS, FAULTS, AND BRANCHING LOCATIONS IS SAVED
AND THF NEWLY DESIGNATED LEVEL INFORMATION IS RESTORED. THE REAL TIME
EXECUTIVE THEN TRANSFERS CONTROL TO THIS LEVEL.

7
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IN THE REAL TIME MODE, A COMPREHENSIVE FULLY REENTRANT LIBRARY IS
AVAILABLE FOR USE BY ANY OF THE FOUR PRIMARY LEVELS. DATA ON UP TO FOUR
SATELLITES, TWO CELESTIAL ORJFCTS, THREE SITFS, AND THPFF FREQUENCIES IS
ALSO AVAILABLE TO ANY OF THE FOUR PRIMARY LEVELS. THIS DATA IS ENTEPED
ANn PROCFSSEn BY ROIJTINFS DFSIGNATn BHY THE MONITOR LEVEL.

CONTROL LOCATIONS

SEVERAL CONTROL LOCATIONS ARE INVOLVED WITH OPERATION OF THE
DIGITAL CONTROL SYSTEM AT WALDORF. THESE MAY BE BROKEN nOWN INTO
THE FOLLOWING CATEGORIES: THE COMPUTER CONSOLE. TYPEWRITERINTERFACE
CONSOLE, TEST CONTROL CONSOLE, AND THE MAIN ANTENNA CONTROL CONSOLE.
THE COMPUTER CONSOLED TYPEWRITER, ANn INTERFACE CONSOLE ARE LOCATED
TOGETHER AND ARE INTENDED TO BE OPERATED BY ONE PERSON. HEREAFTERP
THE CONTROL LOCATIONS SHALL BE REFFRRED TO AS STATIONS. STATION I
WILL BE THE COMPUTER CONSOLE. STATION 2 WILL BE THE TYPEWRITER.
STATION 3 WILL BE THE INTERFACE CONSOLE. STATION 4 WILL BE THE
TEST CONTROL CONSOLE. AND. STATION S WILL Br THE MAIN ANTENNA CONTROL
CONSOLE.

STATION It THE COMPUTER CONSOLE, CONTAINS THE NECESSARY SWITCHES AND
DISPLAYS FOR THE OPERATION OF THE COMPUTER. IN ADDITION, IT CONTAINS
THE PAPER TAPE READER WHEREBY A BOOTSTRAP PROGRAM IS LOAoEn INTO THE
COMPUTER IN ORDER TO BRING IN THE SOFTWARE OPERATING SYSTEM FROM THE
MASTER MAGNETIC TAPE UNIT.

STATION 2. THE TYPFWPITER, IS THE POINT AT WHICH ALL SUPPLEMENTARY DATA
REQUESTED FROM THE OPERATOR IS ENTERED INTO THE SYSTEM. FOR THIS REASON
THE NAVY ANTENNA COMPUTER TRACKING AND COMMAND SYSTEM (NACTAC) IS
TYPEWRITER ORIENTED. THE OTHER SOURCES OF DATA INPUT (NOT UNDER DIRECT
HARDWARE CONTROL) INCLUDE THE CARD READER, THE PAPER TAPE RFADFR, AND THE
MAGNETIC TAPE UNITS. THESE LAST THREE ARE NOT CONSIDERED AS STATIONS.
HOWEVER, SINCE THEY ARE NOT POINTS OF CONTROL.

STATIONS 3. 49 AND 5 PANELS ARE COMPRISED OF LIGHTED PUSHBUTTON SWITCHES,
THUMBWHFEL SWITCHES, IN-LINE DISPLAYS, AND, IN THE CASE OF STATION 3
ONLY, INDICATOR LAMPS FOR INTERFACE MONITORING. UNIQUE TO STATION 3 ALSO
IS THE NACTAC I DISPLAY WHICH PROVIDES THE REAL TIME CLOCK SUBCOUNT
DISPLAY (THE FOUR BINARY BITS PRIOR TO THE SECONDS COUNT).

THE LIGHTED PUSHRUTTON SWITCHES (WITH THE EXCEPTION OF THE RFAL TIME
CLOCK CONTROL GROUP ON THE STATION 3 AND 5 PANELS AND THE VARIABLE CLOCK
CONTROL GROUP ON THE STATION 3 PANEL) DO NOT PROVIDE DIRECT CONTROL OVER
ANY INTERFACE HARDWARE. THE ACTUATION OF THESE SWITCHES IS SENSED BY THE
SOFTWARE PROGRAM TO WHICH THE COMPUTER RESPONDS WITH SOFTWARE CONTROL OF
THE ASSOCIATED LIGHT. IN THE EXCEPTED CASE OF REAL TIME CLOCK CONTROL,
THE PUSHBUTTONS EXERCISE DIRECT CONTROL OVER THE HARDWARE GMT REAL
TIME CLOCK. THE SOFTWARF PROGRAM HAS ACCESS ONLY TO THE CLOCK
OUTPUT OF GMT HOURS, MINUTFS, SECONDSt AND SUBCOUNT. IT DOES NOT HAVE
ANY CONTROL OVER THE FUNCTIONS PERFORMED BY THE REAL TIME CLOCK SWITCHES,
ALTHOUGH OTHER CONTROLLING PULSES ARE PRODUCED BY THF HARDWARE GMT CLOCK
FOR CONTROL OF THE SAMPLE AND SUBSAMPLE TIMES.

IN THE CASE OF THE VARIABLE CLOCK, THE SAME FUNCTIONS WHICH ARE PERFORMED
BY ACTUATING THE PUSHBUTTON SWITCHES AT STATION 3 ARE ALSO CAPABLE OF
BEING PUT UNDER SOFTWARE CONTROL. IN THE LATTER CASE' THE APPROPRIATE
PUSHBUTTON SWITCH AT STATION 3 WILL BE LIGHTED WHEN THE SOFTWARE PROGRAM
HAS INITIATED SUCH CONTROL.

THE INDICATOR LIGHTS AT STATION 3 FOR CHANNELS 39 4, 5 AND 6 PERFORM
FUNCTIONS OF INTERFACE MONITORING. THEY ARE USEFUL PRIMARILY IN THE
PREPARATION AND DEBUGGING OF PROGRAMS; WHILE, AT THE SAME TIME, THEY
PROVIDE A MEANS OF LOCATING SYSTEM MALFUNCTIONS.
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THE THUMBWHEEL SWITCHES (WITH THE EXCEPTION OF THE GMT PEAL TIME CLOCK
AT STATIONS 3 Asn 5 AND THE VARIABLE TIME THIUMBWHEEL SWITCHES AT STATION
3) PROVIDE THE MEANS OF ENTERING CORRESPONDING DATA TO THE SOFTWARE
PROGRAM. THE REAL AND VARIARLE TIME SWITCHES GO DIRECTLY TO HARDWARE;
RUT, IN THE CASE OF THE GMT CLOCK, NO OVERLAPPING FUNCTIONS ARE AVAILABLE
THROUGH SOFTWARE PROGRAM CONTROL. FOR THE VARIABLE CLOCK, HOWEVER,
SOFTWARE PROGRAM CONTROL DOES EXIST TO PERFORM IDENTICAL FUNCTIONS. THE
SWITCH SETTINGS AT STATION 3 ARE DISPLAYED ON CHANNEL 5. THE DISPLAY
BEING CONTROLLED EITHER AT STATION 3 OR BY THE SOFTWARE PROGRAM.

ALL OF THE IN-LINE DISPLAYS (WITH THE EXCEPTION OF THE GMT REAL TIME
CLOCK) ARE UNDER SOFTWARE PROGRAM CONTROL. THE GMT CLOCK IS DIRECTLY A
PART OF THE HARDWARE CLOCK.

START-UP PROCEDURE

A. TURN ON THE COMPUTER POWER WITH THE BLUE SWITCH LOCATED ON THE
COMPUTER CONSOLE. MASTER CLEAR THE COMPUTER BY FIRST PUSHING THE
MASTER CLEAR LEVER UP AND THEN DOWN.

B. TURN ON THE INTERFACE EQUIPMENT AS FOLLOWS:

(I) THE WITH COMPUTER/RYPASS SWITCH ON THE WALL BESIDE THE CIRCUIT
BREAKERS WILL UNCONDITIONALLY TURN ON THE INTERFACE EOUIPMFNT
WHEN IT IS IN THE BYPASS POSITION.

(2) THE INTERFACE EQUIPMENT WILL BE TURNED ON WITH THE COMPUTER
WHEN THE WITH COMPUTER/BYPASS SWITCH IS IN THE WITH COMPUTER
POSITION.

C. TURN ON THE LINE PRINTER MAINTAINING THE FOLLOWING SEQUENCE:

(I) TURN ON THE PRINTER LOGIC.
(2) TURN ON THE PRINTER (MOTOR).
(3) MASTER CLEAR THE PRINTER.
(4) TURN ON THE ZERO DISABLE.
(5) TO ADVANCE THE PAPER ONE PAGE, THE rORMAT HOME PUSHBUTTON MAY

OPTIONALLY BE USED.

O. TURN ON THE CARD READER AS FOLLOWS:

(I) PLACE THE ON LINE-OFF LINE SWITCH IN THE ON LINE POSITION.
(2) TURN ON THE ROW CHECK. ZERO DISABLE.
(3) TURN ON THE MOTOR POWER.
(4) THE STOP PUSHBUTTON IS OPTIONALLY ON DR OFF; HOWEVER. IN THE ON

POSITION, THE CARD READER CANNOT BE ACTIVATED BY THE SOFTWARE
PROGRAM.

E. TURN ON THE MAGNETIC TAPE UNITS AS FOLLOWS:

(I) TO APPLY POWER TO THE MAGNETIC TAPE UNITS OPEN THE DOORS AT THE
REAR OF THE TRANSPORT CABINET ANn PUSH ALL SWITCHES ON THE POWER
SUPPLY TO THE ON POSITION. THE INDICATOR LAMP UNDER THE MAIN
POWER SWITCH SHOULD LIGHT.

(2) PRESS THE SWITCH LOCATED AT THE UPPER LEFT CORNER OF THE LOGIC
CHASSIS IN THE REAR OR THE SWITCH BEHIND THE TAPE UNIT NUMBER
PANEL IN THE FRONT. THE POWER TO THE TAPE UNIT SHOULD
NOW BE ON.

(3) SLIDE THE GLASS FRONT DOOR DOWN TO ITS LOWEST POSITION.
(4) TURN THE FLUTED PLASTIC KNOB ON THE LEFT REEL HUB COUNTER-

CLOCKWISE TWO OR THREE TURNS. SLIDE AN EMPTY TAPE REEL ONTO THE
HUB AND TIGHTEN THE KNOB CLOCKWISE WHILE PRESSING THE REEL
FIRMLY ONTO THE HUB.

9



BASS AND TOWNSEND

(5) TURN THE KNOB ON THE RIGHT REEL HUB COUNTER-CLOCKWISE. SLIDE
THE TAPE MARKED NACSYS MASTER ONTO THE HUB SO THAT THE TAPE
UNWINDS FROM THE REEL ON THE RIGHTHAND SIDE. TIGHTEN THE KNOB
CLOCKWISE WHILE PRESSING THE REEL FIRMLY ONTO THE HUB.

(6) PUSH THE LOAD ARMS LOCATED OUTSIDE AND BELOW THE TAPE REELS TO
THE UP POSITION.

(7) THREAD TAPE FROM THE SUPPLY REEL ARnuND THE SUPPLY LOAD ARM,
UNDER THE TAKE-UP LOAD ARM. AND ONTO THE TOP OF THE TAKE-UP
REEL.

(8) PRESS THE TAPE ONTO THE TAKE-UP REEL THROUGH ONF OF THE OPENINGS
IN THE SIDE OF THE REEL, AND TURN THE REEL THREE TURNS TO HOLD
THE TAPE ON THE REEL.

(9) SLIDE THE TAPE UiNDER THE TAPE HEAD ASSEMBLY.
(IO) PUSH BOTH LOAD ARMS DOWN.
(II) RAISE THE FRONT DOOR.
(12) PRESS THE CLEAR SWITCH.
(13) PRESS THE HIGH DENSITY SWITCH.
(14) PRESS THE LOAD SWITCH ON THE OPERATORS PANEL. TAPE SHOULD NOW

BE DRAWN INTO THE LOOP BOXES, AND THEN ADVANCED UNTIL THE LOAD
POINT MARKER IS DETECTED. MOTION WILL STOP. THE LOAD POINT
INDICATOR ON THE OPERATORS PANEL WILL LIGHT AND RFMAIN LIGHTED
UNTIL THE TAPE IS MOVED AWAY FROM THE LOAD POINT BY THE
PROGRAM.

(IS) PRESS THE READY SWITCH.
(16) SET THE NACSYS TAPE UNIT NUMBER TO It AND MAKE SURE THAT NO TWO

TAPE UNITS HAVE THE SAME UNIT NUMBER EXCEPT FOR STANDBY.
(17) REPEAT STEPS (I) THROUGH (15) FOR THE TAPE MARKED CELESTIAL

FILES. DESIGNATE THIS UNIT NUMBER 2 MAKING SURE THAT NO TWO
UNITS HAVE THE SAME UNIT NUMBER EXCEPT FOR STANDBY.

F. THE BREAKPOINT THUMBWHEEL SWITCH ON THE COMPUTER CONSOLF MUST BE SET
TO 77777.

G. ALL OF THE LEVER SWITCHES ON THE COMPUTER SHOULD BE IN THEIR NEUTRAL.
OR CENTER, POSITIONS; HOWEVER, THE PUNCH LEVER SWITCH MAY OPTIONALLY BE
IN THE TAPE SELECT POSITION.

NOTE: THE LEVER SWITCHES SHOULD NEVER BE SNAPPED SINCE THE CONTACT BOUNCE
THUS INTROnUCED MAY GIVE RISE TO ERRORS. INSTEAD. THEY SHOULD BE
MOVED FIRMLY AND DELIBERATELY FROM ONE POSITION TO ANOTHER.

H. MASTER CLEAR THE COMPUTER BY FIRST PUSHING THE MASTER CLEAR LEVER UP
AND THEN DOWN. THIS ORDER SHOULD BE MAINTAINED TO AVOID ANY POSSIBLE
DIFFICULTIES.

1. PLACE THE MODE LEVER SWITCH IN ITS DOWNWARD POSITION. THE BACKGROUNn
LIGHTS ON THE FUNCTION CODE DISPLAY SHOULD BE BLUE.

J. PLACE THE NACSYS BOOTSTRAP PAPER TAPE IN THE PAPER TAPE READER BIN
SO THAT THE SPROCKET HOLES ARE CLOSEST TO THE INSIDE EDGE OF THE TAPE
READER AND CLAMP IT INTO POSITION. IF IT IS PROPERLY IN THE TAPE READER,
THE TAPE SHOULD MOVE FREELY.

K. THE READER MOTOR SHOULD BE TURNED ON BY PLACING THE READER MOTOR LEVER
IN THE UP POSITION; ANDY ASSUMING THAT THE LEADER OF THE TAPE HAS BEEN
CORRECTLY PLACED IN THE TAPE REAnER, THE REAnFR LEVFR SWITCH SHOULD BE
PLACED IN THF ASSEMBLY POSITION. THE TAPE WILL ADVANCE UNTIL THE
READER ENCOUNTERS THE FIRST CHARACTER ON THE TAPE AND THEN STOP. TO
BEGIN READING THE TAPE, THE START-STEP LEVER SWITCH SHOULD BE MOVED To
THE START POSITION. THE TAPE WILL THEN PROCFEn TO BE READ INTO MEMORY
UNTIL THE LAST DATA FRAME ON THE TAPE IS ENCOUNTERED.

L. REMOVE THE TAPE FROM THE TAPE REARER AND REWIND IT.

10
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NOTE: THE TAPE LOADING PROCEDURE OUTLINED HERE MAY BF BYPASSED IF THE
PROGRAM IS ALREADY IN MEMORY.

M. RETURN THE MODE LEVER SWITCH TO ITS CENTER POSITION AND MOVE THE CLEAR
SWITCH UP.

N. MOVE THE START-STEP LEVER TO THE START POSITION. ONCE THIS HAS BEEN
DONE THE TYPEWRITER WILL BE ACTIVATED AND A REQUEST FOR INPUT DATA WILL
BE MADE.

ASSUMING THAT THIS LAST STEP HAS BEEN REACHED, THE PROGRAM HAS BEEN
SUCCESSFULLY ENTERED INTO MEMORY AND ACTIVATFD. EXCEPT FOR THE SETTING
OF THE GMT CLOCK. ALL OF THF REMAINING DATA REQUESTS WILL RE MADE BY THE
PROGRAM.

IF. FOR SOME REASON. THE OPERATOR SHOULD DESIRE TO RFINITIATF THE INPUT
REQUEST PROCEDURES WITHOUT DESTROYING ANY DATA WHICH MAY ALREADY BE IN
MEMORY EXCEPT FOR THE DATA SOURCE DESIGNATED BY THE ROUTINE TRACK. HE
SHOULD START THE PROGRAM FROM PROGRAM ADDRESS 00001 INSTEAD OF THE
CUSTOMARY PROGRAM ADDRESS 00000. THE DATA SOURCE FOR PROGRAM TRACK MUST
BE REDESIGNATED. RESTARTING FROM PROGRAM ADnRESS 00000 WILL CLEAR ALL OF
THE RESERVED DATA BLOCKS.

INPUT REQUESTS

ONCE THE PROGRAM HAS BEEN SUCCESSFULLY ENTERED INTO MEMORY AND ACTIVATEDI
THE TYPEWRITER WILL REPLY WITH THE RFOUFST--NACSYS:. IF THE OPERATOR
nEsIRES A LISTING OF THE DIRECTORY OF PROGRAMS. SUBPROGRAMS, AND ROUTINES
WHICH MAY BE USED BY NACSYS, HE SHOULD REPLY AS FOLLOWS:

NACSYS: RWND.I
NACSYS: LIST.!

IN EXECUTING THE FIRST REQUEST. TAPE UNIT I WILL REWIND UNTIL IT
COMES TO THE LOAD POINT WHERE IT WILL STOP. THE SECOND REQUFST WILL LIST
ON THE LINE PRINTER THE CONTENTS OF THE FIRST FILE ON TAPE UNIT I.
THE LISTING OF THE DIRECTORY MAY BE REMOVED rROM THE LINE PRINTER RY
ADVANCING THE PAPER WITH THE FORMAT HOME PUSHBUTTON.

THE NAMES ACCEPTABLE AS RFPLYS TO THE REOUEST--NACSYS:--APF FOUND IN THF
SECOND COLUMN OF THE DIRECTORY. THE LAST COLUMN IN THE nIRFCTORY GIVES
A BRIEF STATEMENT ON THF FUNCTION OF THE PROGRAM. SUBPROGPAM, OR ROUTINF
CONCFRNED. AND THE FOURTH COLUMN CONTAINS A TWO CHARACTER ALPHANUMFRIC
CODE WITH THE FOLLOWING INTERPRETATIONS:

O INDICATES A NON-ACCESSABLE ROUtINE
I INDICATES A NON-REAL TIME ROUTINE
2 INDICATES A REAL TIME ROUTINE
3 INDICATES A COMBINATION REAL TIME/NON-REAL TIME ROUTINE
A INDICATES AN ABSOLUTELY ADDRESSED ROUTINE
R INDICATES A RELOCATARLE ROUTINE

A SECOND DIRECTORY CONTAINING INPUT DATA FOR SOME, RUT NOT ALL. OF THE
PROGRAMS LISTED IN THE SYSTEM DIRECTORY IS AVAILABLE FROM THE TAPE MARKED
DATA FILES. TO OBTAIN A LISTING OF THIS DIRFCTORY, THE OPFATOR SHOULD
REPLY AS FOLLOWS:

NACSYS: RWND.2
NACSYS: LIST.2

IN EXECUTING THE FIRST REOUEST. TAPE UNIT 2 WILL REWIND UNTIL IT COMFS
TO THE LOAD POINT WHERE IT WILL STOP. THE SFCOND REOUFST WILL LIST ON

11
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THE LINE PRINTER THE CONTENTS OF THE FIRST FILE ON TAPE UNI'T 2. THE
LISTING OF THE DIRECTORY MAY BE REMOVED FROM THE LINE PRINTFR BY
ADVANCING THE PAPER WITH THF FORMAT HOME PUSHBUTTON. SINCE THE DATA FOR
THE PROGRAMS LISTED ON THE DATA FILES TAPF IS AVAILABLE, 'THF OPERATOR
MAY SELECT TAPE INPUJT WHEN THE PROGRAM REQUFqT--CARn OR TAPE:--IS MADE.

PROGRAM, SUBPROGRAM, OR ROUTINE NAMES USED WITH NACSYS CAN BE NO LONGER
THAN EIGHT LOWERCASE ALPHANUMERIC CHARACTERS. IF THF NAME HAS LFSS THAN
FIGHT CHARACTERS, IT MUST BE TERMINATED WITH A PERIOD; OTHERWISE.
TRAILING SPACES MUST BE INSFRTED IN ORDER TO COMPLETE THE NAME.
IN AnnITION, THE FIRST CHARACTER OF A NAME MuUST BF ALPHABETIC (EXCFPT FOR
SPECIAL CASES). IF A CARRIAGE RETURN IS EXECUTED BEFORE THF COMPLETION
OF A NAME, CONTROL WILL BE RETURNFD TO THE BFGINNING OF NACSYS.

ASSUMING THAT CONTROL HAS BFEN RETURNED TO THF BEGINNING OF THE NACSYS
PROGRAM, THE TYPFWRITER WILL RESPOND WITH NACSYS:. IF THE OPERATOR
SELECTS NACTACt THE BASIC REAL TIME SYSTEM PROGRAM (LOADED IN NON-REAL
TIME), ONLY THE REAL TIME MOnE ROUTINES WILL BE PERMITTED. IF, ON THE
OTHER HAND. NACTAC IS NOT SELECTEDn ONLY THE NON-REAL TIME MODE ROUTINES
WILL BE PERMITTEn. INTRINSIC ROUTINES ARE ALLOWED IN BOTH MODES. THE
REPLY TO AN INPUT REQUEST WILL FOLLOW A COLON OR AN EQUALS SIGN. SYMBOLS
SUCH AS SLASHES, PERIODS. AND (IN SPECIAL CASES) ALPHABETIC CHARACTERS
WILL BE TYPFn BACK BY THE PROGRAM AS PART OF THE OPERATOR'S REPLY.

NON-REAL TIME PROGRAMS INCLUDE ROUTINFS FOR ASSEMBLING PROGRAMS AND
FOR TESTING AND MAINTAINING THE COMPUTER AND ITS PERIPHERAL EQUIPMENT.
THE COMBINATION REAL TIME/NON-REAL TIME PROGRAMS LIST THE CONTENTS OF
CORE MEMORY ONTO THE LINE PRINTER. SINCE THESE TYPES OF PROGRAMS ARE
PRIMARILY MAINTAINENCE ORIENTED AND ARE NOT USED IN NORMAL OPERATIONSY
THEY WILL NOT BE CONSIDERED FURTHER.

REAL TIME ROUTINES

THF REAL TIME PROGRAMS ARE THOSE WHICH APPEAR ON THF DIRECTORY WITH
CODES 2A AND 2R.

LOADED IN NON-REAL TIME, NACTAC IS THE BASIC REAL TIME SYSTEM PROGRAM
WHICH PROVIDES THE CONTROL FOR ALL OF THE REAL TIME ROUTINFS. ONCE
NACTAC HAS BEEN ACTIVATFD IT WILL REQUEST THE OPERATOR TO INPUT DATA.
THE TYPEWRITER REQUESTS ARE AS FOLLOWS:

NACSYS: NACTAC.

INPUT INITIAL INFORMATION

TYPE DATE (MON/DAY/YR): -- /--/--

THE REPLY CONSISTS OF THE DATE IN THE FORMAT INDICATED; E.G..
12/01/67 FOR DECEMBER 1 1967. TWO DIGITS MUST BE USED IN EACH
POSITION OF THE FORMAT.

TYPE EQUATION OF EQUINOXES: -.XXX

THE REPLY IS A NUMBER LISTED IN THE AMERICAN EPHEMERIS AND NAUTICAL
ALMANAC UNDER UNIVERSAL AND SIDEREAL TIMES AS THE EQUATION OF
EQUINOXES; E.G.. -.518 FOR DECEMBER it 1967.

MAKE INPUT REQUESTS

AT THIS TIME, THE GMT CLOCK. IF NOT PREVIOUSLY SET, MUST NOW BE SET. THE
STARTING OF THE CLOCK IS ABSOLUTE; 1. E.. IT IS INDEPENDENT OF THE
DISPLAYS AND DOES NOT RFQUIRE THAT THEY BE TURNED ON. THE PROCEDURE FOR
SETTING THE GMT REAL TIME CLOCK IS AS FOLLOWS:
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(1) SET THE TIME PRESET THUMBWHEEL SWITCHES AT STATION 3 OR 5 TO THE
DESIRED TIME.

(2) PRESS THE STOP-PRESET PUSHBUTTON AT STATION 3 OR S.
(3) FOR AUTOMATIC STARTINGt THE TIME PRESET SHOULD BE SET FOR THE

NEXT GMT MINUTE POINT. PRESS THE AUTO-START AND SYNCH
PUSHBUTTON. AT THE NEXT MINUTE POINT, THE CLOCK WILL START IN
CORRECT SYNCHRONIZATION.

(4) FOR MANUAL STARTING. SET THE TIME PRESET AND PRESS THE MANUAL
START BUTTON WHEN THE ACTUAL GMT TIME AND THE TIME PRESET
COINCIDE.

WITH THE EXCEPTION OF FREQUENCY AND REFRACTION DATA, SUPPLEMENTARY DATA
IS INPUTED VIA CARD OR MAGNETIC TAPE. APPROPRIATE DIAGNOSTICS AND ERROR
MESSAGES WILL BE RETURNED IF THE SUPPLEMENTARY DATA IS NOT INPUTED
CORECTLY.

SUPPLEMENTARY DATA FOR THE FREQUENCY, REFRACTION, SITES SATELLITE ORBITS.
AND CELESTIAL ORBITS (INCLUDING THE SUNt MOON, PLANETS, AND STARS) MAY BE
ENTERED NOW. IT MAY ALSO BE ENTERED AT ANY FUTURF TIME, WITH SOME
RESTRICTIONS. THE PROCFEDURE IS OUTLINED BELOW.

NACSYS: XXXXX. OR XXXXXXXX

THIS REQUEST IF FOLLOWED BY ONE OF SEVERAL REAL TIME ROUTINES. THE
ROUTINE NAMES CAN HE NO LONGER THAN EIGHT LOWERCASE ALPHANUMERIC
CHARACTERS. IF THE NAME HAS LESS THAN FIGHT CHARACTERS, IT MUST BE
TERMINATED WITH A PERIOD; OTHERWISE. TRAILING SPACES MUST BE
INSERTED IN ORDER TO COMPLETE THE NAME. IF A CARRIAGE RETURN IS
EXECUTED BEFORE THE COMPLETION OF A NAMF CONTROL WILL BE RETURNED
TO THE BEGINNING OF NACSYS. EXIT (NOT LISTED AS ONE OF THE
ROUTINES) WILL RETURN CONTROL TO THE BFrINNING OF NACSYS FROM MOST
INSERTED IN ORDER TO COMPLETE THE NAME. EXIT (NOT LISTED AS ONE OF
THE ROUTINES) WILL RETURN CONTROL TO THE BEGINNING OF NACSYS FROM
MOST OF THE DATA INPUT POINTS FOIUND WITHIN THESE ROUTINES. IF A
CARRIAGE RETURN IS EXECUTED BEFORE THE COMPLETION OF A NAME. CONTROL
WILL BE RETURNED TO THE BEGINNING OF NACSYS AGAIN.

IF A PAUSE ON THE CARD READER, TAPE UNITS. ANn/OR LINE PRINTER IS
DESIRED. ACTUATE JUMP KEY I ON THE COMPUTER CONSOLE. PROCESSING
MAY BE RESUMED BY RETURNING JUMP KEY I TO ITS CENTER POSITION.
IF A TERMINATION IN THE 1/0 FROM THE CARD READER, TAPE UNITS ANn/oR
LINE PRINTER AND A RETURN TO THE BEGINNING OF NACSYS IS DESIRED.
DEPRESS JUMP KEY 2.

A SINGLE PERIOD, SPACES FOLLOWED BY A PERIOD. OR EIGHT SPACES WILL
CAUSE A JUMP TO THE LAST EXECUTION ADDRESS. EXCEPT RIGHT AFTER
ENTERING OR LEAVING REAL TIMEt THIS WILL RESULT ONLY IN A RETURN
TO NACSYS. IN MOST CASES WHERE NUMERICAL DATA IS REOQJESTEnD THE
OPERATOR MAY ERASE ANY PORTION OF AN UJNCOMPLETED NUMBER AND START
OVER BY TYPING IN A BACKSPACE.

SINCE THE PROGRAM DATA REQUESTS ARE DEPENDENT UPON WHICH ROUTINE
HAS BEEN CHOSEN, EACH SET OF REQUESTS MUST BE CONSIDERED SEPERATELY.
THESE ROUTINES INCLUDE THE FOLLOWING:

(I) SITE.

NACSYS: SITE.

SITE IS THE REQUEST THAT SITE INFORMATION (LATITUDE, LONGITUDE. AND
ELEVATION ABOVE SEA LEVEL) BE ENTERED INTO MEMORY.

DESTINATION: SITE.Ap B, OR C

SITES At B. AND C REFER TO REMOTE SITES AND CORRESPONn TO
PUSHBUTTONS REMOTE At RFMOTE B. AND REMOTE C AT STATIONS 4 AND S.
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IDENTIFY: SITE NO.001 THRU 999

THE SITE NUMBERS ARE CODES REPRESENTING THOSE SITES WHICH HAVE BEEN
LISTED ON CARDS OR TAPE AND ARE AVAILABLE TO THE PROGRAM. THESE
NUMBERS CANNOT BE LONGER THAN THREE DIGITS (NOT ALL ZEROS). NUMBERS
OF LESS THAN THREE DIGITS SHOULD BE TERMINATED WITH A PERIOD.
CORRECTIONS BY BACKSPACING ARE PERMITTED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIMF AT WHICH THE PROGRAM WAS
EXECUTED; E. G.p AT 15 HOURS 00 MINUTES 00 SECONDS.

NOTE: WHEN A SITE IS BEING UJSED IN COMPUTATIONS PROGPAM TRACK
OR FOR QUICK LOOK (CONTROLLED BY STATION 4)p THE OPERATOR WILL BE
NOTIFIED THAT THE SITE IS BEING PROCESSED AND REQUEST INFORMATION
FOR SOME OTHER SITE.

(2) REER.

NACSYS: REFR.

REFR IS THE REQUEST THAT DATA ON ATMOSPHERIC REFRACTION AS A
FUNCTION OF TRUE ELEVATION ANGLE BE ENTERED INTO MEMORY.

N(S) EQUATION = A

N(S) DIRECT = B

N(S) STANDARD = C

METHOD (A, BP C): A, 8, OR C

THE REPLY At BP OR C WILL SELECT THE METHOD OF ENTRY FOR COMPUTING
THE REFRACTIVITY, N(S). THESE METHODS INCLUDE COMPUTATION BY AN
EQUATION FOR N(S), DIRECT ENTRANCE OF A VALUE FOR N(S), AND THE
NATIONAL BUREAU OF STANnARDS RADIO PROPAGATION LABORATORY STANDARD
FOR N(S) IN THE CONTINENTAL UNITED STATFS. THE REQUESTS WHICH
FOLLOW THE ABOVE REPLY WILL BE DETERMINFD BY THE METHOD WHICH HAS
BEEN SELECTED. THE ALTERNATIVES ARE AS FOLLOWS:

(A) METHOD (AP Bo C): A

TEMPERATURE (DEG. Ft C. OR K) --… --.-- OR ---.-- E--

THE AMBIENT TEMPERATURE OF THE ATMOSPHERE IS ENTERED BY THE OPERATOR
AS AN INTEGER, A FIXED POINT NUMBER, OR A FLOATING POINT NUMBER OF
VARIABLE LENGTH TERMINATED WITH AN F FOP DEGREES FARENHEIT, A C FOR
DEGREES CENTIGRADE. OR A K FOR DEGREES KELVIN. THE UPPER AND LOWER
TEMPERATURE LIMITS ARE 50 AND -30 DEGREES CENTIGRADE, RESPECTIVELY.
IF THE TEMPERATURE IS OUTSIDE THE PERMITTED LIMITS, THE ROUTINE WILL
REPLY WITH AN IMPRACTICAL DATA ERROR MESSAGE AND REQUEST THE
TEMPERATURE AGAIN. CORRECTIONS BY BACKSPACING ARE PERMITTED.

PRESSURE (IN OR MM HG, OR MB) = ---- …, ------- OR ----.-- E--

THE TOTAL ATMOSPHERIC PRESSURE IS ENTERED BY THE OPERATOR AS AN
INTEGER, A FIXED POINT NUMBER, OR A FLOATING POINT NUMBER OF
VARIABLE LENGTH TERMINATED WITH AN I FOR INCHES OF MERCURY, AN MM
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FOR MILLIMETERS OF MERCURY, OR AN MB FOR MILLIBARS. THE UPPER AND

LOWER PRESSURE LIMITS ARE 1250 AND 750 MILLIBARSP RESPECTIVELY.
IF THE PRESSURE IS OUTSIDE THE PERMITTED LIMITS, THE ROUTINE WILL
REPLY WITH AN IMPRACTICAL DATA ERROR MESSAGE AND REQUEST THE
PRESSURE AGAIN. CORRECTIONS BY BACKSPACING ARE PERMITTED.

REL HUMIDITY (% DR DECIMAL #) - …--… --.-- OR ---.-- E--

THE RELATIVE HUMIDITY OF THE ATMOSPHERE IS ENTERED BY THE OPERATOR

AS AN INTEGER, A FIXED POINT NUMBER, OR A FLOATING POINT NUMBER OF
VARIABLE LENGTH TERMINATED WITH A % FOR PERCENT AND A $ FOR A

DECIMAL FRACTION. THE UPPER AND LOWER LIMITS FOR THE RELATIVE
HUMIDITY ARE 100% AND Oab RESPECTIVELY. IF THE RELATIVE HUMIDITY
IS OUTSIDE THE PERMITTED LIMITSP THE ROUJTINE WILL REPLY WITH AN

IMPRACTICAL DATA ERROR MESSAGE AND REQUEST THE RELATIVE HUMIDITY
AGAIN. CORRECTIONS BY BACKSPACING ARE PERMITTED.

N(S) * , ---.--

THIS REPLY IS RETURNED TO THE TYPEWRITER BY THE PROGRAM AND IS THE
RESULT FOR N(S) OBTAINED BY THE EQUATION. THE MAXIMUM AND MINIMUM
N(S) ALLOWABLE ARE 500.00 AND I50.00. RESPECTIVELY. IF THE COMPUTED
VALUE FOR N(S) IS OUTSIDE THF PERMITTED LIMITSP THE PROGRAM WILL
REPLY WITH AN IMPRACTICAL DATA ERROR MESSAGE AND REQUEST METHOD

(At B. C) AGAIN.

EXECUTED: -- H -- M -- S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.9 AT IS HOURS 00 MINUTES 00 SECONDS.

(B) METHOD (A. a, C): B

N(S) v = ---v --.--- OR ---.-- E--

A VALUE FOR N(S) IS ENTERED BY THE OPERATOR AS AN INTEGER, A FIXED
POINT NUMBER. OR A FLOATING POINT NUMBER OF VARIABLE LENGTH
TERMINATED WITH AN ASTERISK (v). THE UPPER AND LOWER LIMITS FOR
N(S) ARE 500 AND ISO1 RESPECTIVELY. IF N(S) IS OUTSIDE THE
PERMITTED LIMITS, THE ROUTINE WILL REPLY WITH AN IMPRACTICAL DATA
ERROR MESSAGE AND REQUEST METHOD (A, B. C) AGAIN. CORPECTIONS BY
BACKSPACING ARE ALLOWED.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.. AT IS HOURS 00 MINUTES 00 SFCONDS.

(C) METHOD (AP BA C): C

N(S) = 313.0

THIS REPLY IS RETURNED TO THE TYPEWRITER BY THE PROGRAM AND IS THE

NBS RADIO PROPAGATION LABORATORY STANDARD FOR N(S) IN THE
CONTINENTAL UNITED STATES.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIMF AT WHICH THE PROGRAM WAS
EXECUTED; E. G.P AT IS HOURS 00 MINUTES 00 SECONDS.

15
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(3) FRED.

NACSYS: FRED.

FREQ PROVIDES THE MEANS OF ENTERING FREQUENCY DATA NECFSSARY FOR
COMPUTATIONS AND DISPLAYS AT STATIONS 4 AND S OF DOPPLER SHIFT AND
FREE SPACE ANTENNUATION BETWEEN ISOTROPIC ANTENNAS.

DESTINATION: FRED. 1 2' OR 3

ONLY ONE OF THESE NUMBERS IS TO BE USED. THESE NUMBERS ALSO
CORRESPOND TO PUSHBUTTONS FRED. I FRED. 2. AND FRED. 3 AT
STATIONS 4 AND 5.

INPUT VIA: TYPE

MHZ OR GHZ: ----… ---.--- OR ----.-- E--

THE FREQUENCY IS TYPED IN BY THE OPERATOR AS AN INTEGFR. A FIXED
POINT NUMBERt OR A FLOATING POINT NUMBER OF VARIABLE LENGTH
TERMINATED WITH AN M FOR MEGAHERTZ OR A G FOR GIGAHERTZ. CORRECTION
BY BACKSPACING IS PERMITTED.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.v AT IS HOURS 00 MINUTES 00 SECONDS.

(4) ORBIT.

NACSYS: ORBIT.

ORBIT IS THF REQUEST THAT ORBITAL DATA ON A SATELLITE BE ENTERED
INTO MEMORY. NO TIME LIMITATIONS ARE PRESENT.

DESTINATION: S.I. 29 3, OR 4

THE REPLY CONSISTS OF THE DIGIT It 2. 3. OR 4. THESE DIGITS WILL
DEFINE THE SATELLITE CHOSEN. MEMORY HAS BEEN ALLOCATEn FOR THE
ELEMENTS OF PERTURRATION ON FOUR SATELLITES.

IDENTIFY: CATALOG NO----- OR ----.

A SATELLITE IDENTIFICATION NUMBER OF LESS THAN FIVE DIGITS
TERMINATEO BY A PERIOR OR SIMPLY A FIVE DIGIT NUMBER IS ENTERED BY
THE OPERATOR. ALL ZEROS ARE ILLEGAL.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.p AT IS HOURS 00 MINUTES 00 SECONDS.

NOTE: IF THE DESTINATION I 2, 3. OR 4 IS BEING USED BY PROGRAM TRACK OR
QUICK LOOK AND IF THE SAME DESTINATION IS REQUESTED BY ORBIT, THEN
A DIAGNOSTIC AND AN EXIT TO DESTINATION WILL RFSULT.
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(5) PLANET.

NACSYS: PLANET.

PLANET IS THE REOUFST THAT POSITION DATA
SUN, OR THE MOON RF ENTERED INTO MEMORY.
WILL BE MADE AVAILABLE.

FOR ONE OF THE PLANETS, THE
DATA FOR A 48 HOUR PERIOD

IDENTIFY: PLANET NO. 0 THRU 9

THE REPLY IS A SINGLE DIGIT NUMBER DESInNATING A PLANETS THE SUNS OR
THE MOON. THE CHOICFS ARE:

( 0 )
( I )
(2)
(3)
(4)
( S )
(6)
(7)
(8)
(9 )

SUN
MERCURY
VENUS
MOON
MAPS
JUPITER
SATURN
URANUS
NEPTUNE
PLUTO

DESTINATION: C.I. C.2p OR M.I

THIS REPLY CONSISTS OF THE DIGIT I OR 2. C.1 AND C.2 DEFINE THE
SUN OR PLANET CHOSEN; WHEREAS, M.I DEFINES THE MOON. MEMORY HAS
BEEN ALLOCATED FOR DATA ON TWO CELESTIAL ORJFCTS AND THE MOON.

START TIME: (MON/DAY/YR)= --/--/-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHFR DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

FXECUTED: -- H -- M -- S
THE COMPIJTER WILL TYPE BACK THE GMT TIMF AT WHICH THE PROGRAM WAS
EXECUTED; E. G.9 AT 15 HOURS 00 MINUTES 00 SECONDS.

(6) SUN.

NACSYS: SUN.

SUN IS THE REQUEST THAT POSITION DATA FOR THE SUN BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.1 OR C.2

MEMORY HAS BEEN ALLOCATED
THE SUN, AND THE STARS).
AND DEFINES THE CELESTIAL

FOR TWO CELESTIAL OBJECTS (THE PLANETS.
THE NUMBER I OR 2 IS THE OPERATORIS REPLY
OBJECT C.I OR C.2.

START TIME: (MON/DAY/YR)= -- /--/-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

17
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EXECUTED: -- H -- M -- S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G., AT 15 HOURS 00 MINUTES 00 SECONDS.

(7) MERCURY.

NACSYS: MERCURY.

MERCURY IS THE REQUEST THAT POSITION DATA FOR MERCURY BE ENTERED
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.1 OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL 08JECTS (THE PLANETS,
THE SUN. AND THE STARS). THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
AND DEFINES THE CELESTIAL OBJECT C.1 OR C.2.

START TIME: (MON/DAY/YRP) --/--/-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOw OR SOME OTHER DATE) FOR
WHICH THE DATA IS nESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIMF AT WHICH THE PROGRAM WAS
EXECUTED; E. G.9 AT 15 HOURS 00 MINUTES 00 SECONDS.

(8) VENUS.

NACSYS: VENUS.

VENUS IS THF REQUEST THAT POSITION DATA FOR VENUS BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MAnF AVAILABLE.

DESTINATION: C.I OR C.2

MEMORY HAS BEEN ALLOCATED
THE SUN, AND THF STARS).
AND DEFINES THE CELESTIAL

FOP TWO CELESTIAL OBJECTS (THE PLANETS.
THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
OBJECT C.1 OR C.2.

START TIME: (MON/DAY/YR)= -- /--/-- OR NOW

THIS RFOUEST DEFINES THE DATF (EITHER NOW OR SOME OTHFR DATE) FOR
WHICH THE DATA IS nESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THF DATA FILES TAPE BY T.

FXECUTED: --H --M --S

THE COMPUTER WILL TYPE RACK THE GMT TIMF AT WHICH THE PROGRAM WAS
EXECUTED; E. G.t AT IS HOURS 00 MINUTES 00 SECONDS.

18
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(9) MOON.

NACSYS: MOON.

MOON IS THE REQUEST THAT POSITION DATA FOR THE MOON BE ENTERED INTO
MEMORY. DATA FOR A 12 HOUR PERIOD WILL BE MADE AVAILABLE.

nESTINATION: M.I

A SEPARATE SECTION OF MEMORY HAS BEEN ALLOCATED FOR MOON APART FROM
THE TWO BLOCKS RESERVED FOR CELESTIAL OBJECTS, SINCE NO OPERATOR
ACTION IS NECESSARY, THIS REPLY IS RETURNED BY THE ROUTINF.

START TIME: (MON/DAY/YR:HR)= --/--/--:-- OR NOW

THIS REQUEST DEFINES THE DATE AND HOUR (EITHER NOW OR SOMF OTHER
TIME) FOR WHICH THE DATA IS DESIRFn.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTEn: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.v AT I5 HOURS 00 MINUTES 00 SECONDS.

(10) MARS.

NACSYS: MARS.

MARS IS THE REQUEST THAT POSITION DATA FOR MARS BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.I OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL OBJECTS (THE PLANETS,
THE SUN, AND THE STARS). THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
AND DEFINES THE CELESTIAL OBJECT C.I OR C.2.

START TIME: (MON/DAY/YR)= --/--/-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G., AT 15 HOURS 00 MINUTES 00 SECONDS.

(II) JUPITER.

NACSYS: JUPITER.

JUPITER IS THE REQUEST THAT POSITION DATA ON JUPITER BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.
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C* I OR C.?

MEMORY HAS BEEN ALLOCATED
THE SUNY AND THE STARS).
AND DEFINES THE CELESTIAL

START TIME:

FOR TWO CELESTIAL OBJECTS (THE PLANETS,
THE NUMBER I OR 2 IS THE OPERATOROS REPLY
OBJECT C.I OR C.2.

(MON/DAY/YR)= -- I---- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G., AT IS HOURS 00 MINUTES 00 SECONDS.

(12) SATURN.

NACSYS: SATURN.

SATURN IS THE REQUEST THAT POSITION DATA ON SATURN BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.1 OR C.2

MEMORY HAS BEEN ALLOCATED
THE SUN, AND THE STARS).
AND DEFINES THE CELESTIAL

START TIME:

FOR TWO CELESTIAL OBJECTS (THE PLANFTS.
THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
OBJECT C.1 OR C.2.

(MON/DAY/YR)= -- I---- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS nESIRFD.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G., AT 15 HOURS 00 MINUTES 00 SECONDS.

(13) URANUS.

NACSYS: URANUS.

URANUS IS THE REQUEST THAT POSITION DATA ON URANUS BE ENTERED INTO
MFMORy. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.I OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL OBJECTS (THE PLANETS,
THE SUN, AND THE STARS). THE NUMBER I OR 2 IS THE OPERATOR'S RFPLY
AND DEFINES THE CELESTIAL OBJECT C.I OR C.2.

START TIME: (MON/DAY/YR)= --/--/-- OR NOW

THIS REQUEST DEFINFS THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS nEsIRED.

20
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CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.p AT IS HOURS 00 MINUTES 00 SECONDS.

(14) NEPTUNE.

NACSYS: NEPTUNE.

NEPTUNE IS THE REQUEST THAT POSITION DATA ON NEPTUNE BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.I OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL OBJECTS (THE PLANETS,
THE SUN, AND THE STARS). THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
AND DEFINES THE CELESTIAL OBJECT C.1 OR C.2.

START TIME: (MON/DAY/YR) --/--I-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.# AT IS HOURS 00 MINUTES 00 SECONDS.

(18) PLUTO.

NACSYS: PLUTO.

PLUTO IS THE REQUEST THAT POSITION DATA ON PLUTO BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

DESTINATION: C.i OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL OBJECTS (THE PLANETS,
THE SUN, AND THE STARS). THE NUMBER I OR 2 IS THE OPFRATOR'S RFPLY
AND DEFINES THE CELESTIAL OBJECT C.1 OR C.2.

START TIME: (MON/DAY/YR)a --/--I-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER nATF) FOR
WHICH THE DATA IS nESIRFD.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

EXECUTED: --H --M --S

-HE COMPUTER WILL TYPE BACK THE GMT TIMF AT WHICH THF PROGRAM WAS
EXECUTED; E. G., AT 15 HOURS 00 MINUTES 00 SECONDS.

21
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(16) STAR.

NACSYS: STAR.

STAR IS THE REQUEST THAT POSITION DATA ON A STAR BE ENTERED INTO
MEMORY. DATA FOR A 48 HOUR PERIOD WILL BE MADE AVAILABLE.

IDENTIFY: WSL CATALOG NO. ---- OR

A WALDORF STAR LIST NUMBER OF OF LESS THAN FOUR DIGITS TERMINATED
BY A PERIOD OR SIMPLY A FOUR DIGIT NUMBER IS ENTERED BY THE
OPERATOR.

DESTINATION: C.1 OR C.2

MEMORY HAS BEEN ALLOCATED FOR TWO CELESTIAL OBJECTS (THE PLANETSP
THE SUN, AND THE STARS). THE NUMBER I OR 2 IS THE OPERATOR'S REPLY
AND DEFINES THE CELESTIAL OBJECT C.l OR C.2.

START TIME: (MON/nAY/YR)= -- /--/-- OR NOW

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

CARD OR TAPE: C OR T

THE SOURCE OF DATA INPUT IS DEFINED AS THE CARD READER BY C OR AS
THE DATA FILES TAPE BY T.

FXECIITED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.9 AT 15 HOURS 00 MINUTES 00 SECONDS.

(17) LOOK.

NACSYS: LOOK.

LOOK PROVIDES THE COMPUTATIONS AND LISTING OF DATA FOR TWO SITES.
THE DATA INCLUOFS THE DATE, TIMES AZIMUTH ANGLE, ELEVATION ANGLFE
RANGE IN EARTH RADTII AND THE RANGE RATF IN HERTZ/GIGAHERTZ FOR ANY
PREVIOUSLY DEFINED DATA SOURCE.

nATA SOURCE: -.-

THE FORMAT FOR THE REPLY TO THE DATA SOURCE REQUEST IS A LETTER AND
A NUMBER. THE LETTER nESIGNATES THE TYPE OF SOURCES AND THF NUMBER
INDICATES WHICH OF THESE SOURCES YOU WISH TO EXTRACT FROM MEMORY.
IF THE WORD ZERO IS TYPED IN, ANY DATA SOURCE REQUEST WILL BE
REMOVED. MEMORY HAS BFEN ALLOCATED FOR FOUR SATELLITES, THE MOON,
AND TWO CELESTIAL OBJECTS. THE POSSIBLE CHOICES INCLUDE

S.1, S.2p S.39 OR S.4
M.I
C.1 OR C.2
ZERO

PRIMARY: SITE.-

POSSIRLF CHOICES FOR THF PRIMARY SITE APE L FOR THE LOCAL SITE,
A FOR REMOTE SITE At B FOR REMOTE SITE BP OR C FOR REMOTE SITE C.

SECONDARY: SITE.-

THE SAMF CHOICES ARE AVAILABLE AS FOR THE PRIMARY SITE, WITH THE
OPTION THAT IF A 0 (ZERO) IS TYPED IN, THE SECONDARY SITE DATA IS
REMOVED ALTOGETHER.
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START nATE? MON/nAY/YR= NOW OR --/--/--

THIS REQUEST DEFINES THE DATE (EITHER NOW OR SOME OTHER DATE) FOR
WHICH THE DATA IS DESIRED.

START TIME? HR MIN SEC= NOW OR …

THE STARTING TIME DESIGNATES THE TIME (T=O) FOR THE FIRST COMPUTED
VALUE OF ELEVATIONM AZIMUTH, ETC.

INCR. TIME? HR MIN SEC… -- -- --

THIS REFERS TO THE INCREMENT OF TIME BETWEEN EACH SUCCESSIVE VALUE
IN THE COMPUTATIONS. A MAXIMUM INCREMENT OF 23 HOURS 59 MINUTES
59 SECONDS MAY BE SELECTED. ALL ZEROS WILL RFSULT IN ONLY ONE
POINT OF DATA*

DATA POINTS - --. OR ---

THE NUMBER OF DATA POINTS IS A SPECIFIED NUMBER OF NOT MORE THAN
TWO DIGITS TERMINATED WITH A PERIOD OR SIMPLY BY A THREE DIGIT
NUMBER (E.G.. DATA POINTS a 50. OR 050). UP TO 999 DATA POINTS MAY
BE REQUESTEn. ALL ZEROS WILL LIST ONE nATA POINT. CORRECTION BY
BACKSPACING IS PERMITTED.

OUTPUT UNIT = 0. 39 OR 4

THIS IS A REQUEST FOR THE OPERATOR TO DEFINE THE OUTPUT UNIT ON
WHICH THE DATA IS TO BE LISTED. ZERO (0) IS THE LINE PRINTER,
THREE (3) IS TAPE UNIT 3t AND FOUR (4) IS TAPE UNIT 4. TAPE UNITS
3 AND 4 MAY BE USEn ONLY IF THEY CONTAIN TAPES WITH WRITE RINGS ON
THEM. IT IS POSSIBLE TO REQUEST TAPE UNIT 2 BY REPLYING WITH A 2;
BUT THIS IS CONSIDERED BAD PRACTICE SINCE THIS UNIT WILL BE USED
FOR THE DATA FILES TAPE. TAPE UNIT I CONTAINS THE NACSYS MASTER
TAPE AND WILL HANG UP THE SYSTEM IF REQIIESTED.

NEED MORE (Y OR EXIT)= Y OR EXIT

EXIT WILL TERMINATE THE ROUTINE AND RETURN TO THE BEGINNING OF
NACSYSP WHEREAS Y WILL YIELD A REQUEST FOR THE NUMBER OF ADDITIONAL
DATA POINTS DESIRED.

EXECUTED? -- H -- M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WHICH THE PROGRAM WAS
EXECUTED; E. G.. AT 15 HOURS 00 MINUTES 00 SECONDS.

NOTE? IF THE DATA SOURCE REQUESTED BY LOOK IS BEING USED BY TRACK. A
DIAGNOSTIC WILL RESULT. IF A PREMATURE TERMINATION OF THE DATA
LISTING FROM LOOK IS DESIRED, DEPRESS JUMP KEY 2 ON THE COMPUTER
CONSOLEt AND AN EXIT TO--NACSYS:--WILL BE EXECUTED. FOR A PAUSE
IN THE LISTING ACTUATE JUMP KEY I.

(18) TRACK.

NACSYS TRACK.

TRACK PROVIDES THE DATA FOR PROCESSING BY PROGRAM TRACK OR QUICK
LOOK OF ANY OBJECT SPECIFIED BY ThE DATA SOURCE AND AVAILABLE TO
THE PROGRAM BY PREVIOUS DEFINITION.

DATA SOURCE: -.-

THE FORMAT FOR THE REPLY TO THE DATA SOURCE REQUEST IS A LETTER AND
A NUMBER. THE LETTER DESIGNATES THE TYpE OF SOURCEP AND THE NUMBER
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INDICATES WHICH OF THESE SOURCES YOU WISH TO EXTRACT FROM MEMORY.
IF THE WORD ZERO IS TYPED INV ANY DATA SOURCE REQUEST WILL BE
REMOVED. MEMORY HAS BEFN ALLOCATED FOR FOUR SATELLITES, THE MOON.
AND TWO CELESTIAL OBJECTS. THE POSSIBLE CHOICES INCLUDE

S.It S.29 S.3O OR S.4
M.I
C.1 OR C.2
ZERO

EXECUTED: --H --M --S

THE COMPUTER WILL TYPE BACK THE GMT TIME AT WIICH THE PROGRAM WAS
EXECUTED; E. G., AT I5 HOURS 00 MINUTES 00 SECONDS.

NOTE: IF ANY OBJECT HAS REFN DESIGNATED FOR SOURCE INFORMATION ON PROGRAM
TRACK OR QUICK LOOK AND PROGRAM TRACK OR QUICK LOOK HAS BEEN
PREVIOUSLY INITIATED, THEN THE SOURCE OBJECT WILL BE CHANGED AS
REQUESTED AND THE PROGRAM WILL BE REINITIATED AS IF THE PROGRAM
PUSHBUTTON AT STATION S HAD BEEN ACTUATED.

ANOTHER RESTRICTION ON TRACK INVOLVES THE USE OF THE AUTOMATIC
TRACKING MODE. IF THE PROGRAM IS IN AUTO-TRACK MODE AND A REQUEST
IS AGAIN MADE FOR TRACK. THE OPERATOR WILL RECEIVE THE REPLY--IN
AUTO-TRACK MODE--AND AN EXIT BACK TO NACSYS.

(19) SERVOTST

NACSYS SERVOTST

SERVOTST RECORDS AND STORES THE DIGITAL ERROR IN AZIMUTH OR
ELEVATION AND COMPUTES THE MEAN ERROR. RMS JITTERt RMS ERROR. AND
PEAK ERROR IN THE POSITION OF THAT AXIS. THIS ROUTINE WILL OPERATE
ONLY IN DIGITAL MODE.

INITIATE SERVO TEST
TYPE AZ.' ELEV.' OR EXIT.

SERVO: AZ.***, ELEV.**09 OR EXIT.

BY SELECTING AZ. OR ELEV.t THE OPERATOR DESIGNATES WHICH AXIS IS TO
BE TESTED. IMMEDIATELY UPON COMPLETION OF THE OPERATOP'S RESPONSE,
THE ROUTINE TYPES BACK oo@ AND BEGINS THE TEST. RECORDING AND
STORING THE DIGITAL ERROR DATA REQUIRES ABOUT THIRTY-TWO SECONDS;
AFTER WHICH THE TYPEWRITER EXECUTES A CARRIAGE RETURN AND TYPES OUT
THE MEAN ERRORS RMS JITTERS RMS ERRORt AND PEAK ERROR. THESE
COMPUTATIONS ARE BASED ON 4096 DATA POINTS. TO LEAVE THIS ROUTINE'
THE REPLY EXIT MUST BE USED.

MEAN ERROR = -----

MEAN ERROR = SUM (FRROR! I)/4096

RMS JITTER =-

RMS JITTER = SORF (SUM (ERRORPI] - MEAN)**2/4096)

RMS ERROR =

RMS ERROR = SORF (SUM (ERROR!11)/4096)

PEAK ERROR -

PEAK ERROR = MAX ARSL ERROR!II
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INTRINSIC ROIJTINES

THE INTRINSIC ROUTINES ARE BASIC TO THE ENTIRE SYSTEM AND ARE COMPLETELY
SELF-CONTAINED. THEY MAY BF USED IN BOTH REAL TIME AND NON-REAL TIME
MOnES OF OPERATION.

(I) EOF.U

THIS ROUTINE SEARCHES FOR A DOUBLE FND OF FILE MARK ON MAGNFTIC TAPE
UNIT U AND BACKSPACES OVER THE LAST ONF. IN MOST CASES. A DOUBLE
END OF FILE MARK SIGNAI.S THE END OF THE LAST FILE OF INFORMATION ON
THAT TAPE. BY BACKSPACING OVER THE LAST END OF FILF MARK, THE
OPERATOR CAN ADD FILES TO A TAPE BY WRITING OVER THE THE SECOND
EOF MARK.

(2) DUMP.U

THIS ROUTINF DUMPS AVAILABLE MEMORY ONTO TAPE UNIT U. THE CONTENTS
OF AVAILABLE MEMORY ARF NOT AFFECTED BY THIS ROUTINE.

(3) WRTE.U

THIS ROUTINF WRITES BINARY RECORDS OF AN OPERATOR DEFINED SECTION OF
MEMORY ON TAPE UNIT U. THE ROUTINE WILL REQUEST THE FIRST WORD
ADDRESS (FWA= XXXXX) AND THE LAST WORD ADDRESS (LWA= XXXXX) OF THE
SECTION OF MEMORY WHICH THE OPERATOR WISHES TO WRITE ON TAPE UNIT U.
AN ADDRESS MAY BE WRITTEN AS AN OCTAL NUMBER OF LESS THAN FIVE OCTAL
PLACES TERMINATED WITH A PERIOD OR SIMPLY A FIVE PLACE OCTAL NUMBER
(E.G., FWA= 100. AND LWA= 777. OR FWA= 00100 AND LWA= 00777).

(4) MARK.U

THIS ROUTINE WRITES TWO END OF FILE MARKS ON TAPE UNIT U AND
BACKSPACES OVER THE LAST ONE.

(5) RCVR.U

THIS ROUTINE RECOVERS AN AVAILABLE MEMORY DUMP (REQUESTED BY DUMP.U)
FROM TAPE UNIT U. THE CONTENTS OF TAPE UNIT U ARE NOT AFFECTED BY
THIS ROUTINE.

(6) READ.U

THIS ROUTINE READS BINARY RECORDS FROM TAPE UNIT U INTO AN OPERATOR
DEFINED SECTION OF MEMORY. THE ROUTINE WILL REQUEST THE FIRST WORD
ADDRESS (FWA= XXXXX) AND THE LAST WORD ADDRESS (LWA= XXXXX) FOR THE
SECTION OF MEMORY INTO WHICH THE BINARY RECORDS WILL BE READ.
AN ADDRESS MAY BE WRITTEN AS AN OCTAL NUMBER OF LESS THAN FIVE OCTAL
PLACES TERMINATED WITH A PERIOD OR SIMPLY A FIVE PLACE OCTAL NUMBER
(E.G.. FWA- 100. AND LWA- 777. OR FWA- OOIO AND LWA= 00777).

(7) ADV.U/XXX

THIS ROUTINE ADVANCES XXX RECORDS ON TAPE UNIT U UNLESS AN END OF
FILE MARK IS FNCOUNTERFO. IF ONE IS ENCOUNTEREnD THE TAPE WILL
STOP; AND THE ROUTINE WILL RESPOND WITH *8*EOF/YYY. THIS REPLY
MEANS THAT THE TAPF HAS ADVANCED YYY RECORDS (NOT INCLUIDING THE END
OF FILE MARK) AND IS POSITIONED AT THE BEGINNING OF THE NEXT FILE.
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(8) REV.U/XXX

THIS ROUTINE BACKSPACES XXX RECORDS ON TAPE UNIT U UNLESS AN END OF
FILE MARK OR A LOAD POINT IS ENCOUNTERED. IF AN END OF FILE MARK
IS ENCOIJNTEREDt THE TAPE WILL STOP ; AND THE ROUTINE WILL RESPOND
WITH ***EOF/YYY. IF A LOAD POINT IS ENCOUNTFRED, THE TAPE WILL
STOP; AND THE ROUTINE WILL RESPOND WITH **LDPT/YYY. THE REPLYS MEAN
THAT THE TAPE HAS BACKSPACED YYY RECORDS (NOT INCLUDING THE END OF
FILE MARK) AND IS POSITIONED AT THE BEGINNING OF THF NEXT FILE.

(9) RWND.U

THIS ROUTINE REWINDS TAPE UNIT U.

(10) BACK.U/XXX

THIS ROUTINE BACKS UP TO THE BEGINNING OF THE FILE XXX FILES PRIOR
TO THE PRESENT FILF ON TAPE UNIT U. FOR XXX= 000. THE ROUTINE WILL
BACKSPACE TAPE UNIT U TO THE BEGINNING OF THE PRESENT FILE. IF A
LOAD POINT IS ENCOUNTERED, THE TAPE WILL STOP; AND THE ROUTINE WILL
RESPOND WITH **LDPT/YYY. THIS REPLY MEANS THAT THE TAPE HAS MOVED
BACK YYY FILES.

( II ) STEP.U/XXX
THIS ROUTINE MOVES FORWARD TO THE BEGINNING OF THE FILF XXX FILFS
FOLLOWING THE PRESFNT FILE ON TAPE UNIT U. FOR XXXwOOO THE ROUTINE
WILL PROCEEn TO THF END OF THE PRESENT FILE.

(12) LOAD.U

THIS ROIJTINE LOADS BINARY CARD IMAGES FROM TAPE UNIT U INTO AN
OPERATOR DESIGNATED SECTION OF MEMORY. THE ROUTINE WILL REQUEST
THE FIRST WORD ADnRESS (FWA= XXXXX) ANn THE LAST WORD ADDRESS
(LWA= XXXXX) FOR THE SECTION OF MEMORY INTO WHICH THE CARD IMAGFS
WILL BE REAn. AN ADDRESS MAY BE WRITTEN AS AN OCTAL NUMBER OF LESS
THAN FIVE PLACES TERMINATED WITH A PERIOD OR SIMPLY A FIVE PLACE
OCTAL NUMBER (E.G., FWA- 100. AND LWA- 777. OR FWA= 00100 AND
LWA- 00777). THIS ROUTINE REQUIRES PRIOR POSITIONING OF THE TAPE.

(13) LIST.U

THIS ROUTINE LISTS LINE IMAGES FROM TAPF UNIT U TO THE LINE PRINTER.
PRIOR POSITIONING IS REQUIRED.

(14) RSET.

THIS ROUTINE SETS THE HI DENSITY MODE AND REWINDS ALL OF THE TAPES.

(15) DATE.XX/XX/XX

THIS ROUTINE ENTERS THE DATE AS A REFERENCE FOR THE OPERATOR. THE
FORMAT MONTH/DAY/YFAR IN THE FORM XX/XX/XX MUST BE USED. THIS
ROUTINE DOES NOT AFFECT THE DATE IN THE NACTAC PROGRAM.

(16) ZERO.

THIS ROUTINE ZEROS ALL AVAILABLE MEMORY, SETS (NEXT)=(LOWER)o AND
TYPES OUT THE AREA ZFROED.
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(17) XEQ.MMMMM

ONLY OPERATORS FAMILIAR WITH THIS ROUTINE WILL BE ALLOWED TO USE IT.
THIS ROUTINE CLEARS ALL OF THE REGISTERS IN THE COMPUTER ANn
EXECUTES AN SLS KI MMMMM (OR, FOR REAL TIME OPERATION, A
UJP MMMMM).

NOTE..... 00000B=OTTOM OF AVAILARLE MEMORY
77777-TOP OF AVAILABLE MEMORY
.=NEXT AVAILABLE ADDRESS
/=LAST EXECUTION ADDRESS

(18) NEXT.

THIS ROUTINE WILL TYPE OUT THE NEXT AVAILABLE AnDRESS.

(19) RANG.

THIS ROUTINF WILL TYPE OUT THE RANGE OF AVAILABLE MEMORY.

(20) . (A SINGLE PERIOn)

A SINGLE PERIOD, SPACES ONLY FOLLOWED BY A PERIOD' OR EIGHT SPACES
ONLY WILL CAUSE A JUMP TO THE LAST EXECUJTION ADDRESS. EXCEPT
RIGHT AFTER ENTERING OR LEAVING REAL TIMES THIS WILL RESULT ONLY
IN A RETURN TO NACSYS.

CONSOLE SWITCHES ANn DISPLAYS

STATION 4 AND 5 PANELS ARE COMPRISED OF LIGHTED PUSHBUTTON SWITCHES,
THUMRWHEEL SWITCHES9 ANn IN-LINE DISPLAYS. THE LIGHTED PUSHBUTTON
SWITCHES (WITH THE EXCEPTION OF THE REAL TIME CLOCK CONTROL GROUP ON
THE STATION 5 pANEL) DO NOT PROVIDE DIRECT CONTROL OVER ANY INTERFACE
HARDWARE. THE ACTUATION OF THESE SWITCHES IS SENSED BY THE SOFTWARE
PROGRAM TO WHICH THE COMPUTER RESPONDS WITH SOFTWARE CONTROL OF THE
ASSOCIATED LIGHT.

THE LIGHTED PUSHRUTTON SWITCHES AND THEIR ASSOCIATED THUMRWHEEL SWITCHES
AND IN-LINE DISPLAYS WILL BF GROUPED ACCORDING TO THE FUNCTIONS WHICH
THEY PERFORM. THESE GROUPS ARE nEFINFD AS FOLLOWS:

GROUP I STATION I PUSHBUTTON
…__ _ _ _ _ _ _I … …-- - - - - -I…-- - - - - - - - - - - - - - - - - - - - - - -

I 5 I CLEAR
I S I DESIGNATE AZ-EL

GROUP I I S I PROGRAM
I S I DIGITAL SLAVE
I S I DESIGNATE RA-DEC

…__ _ _ _ _ _ _I … …-- - - - - -I…-- - - - - - - - - - - - - - - - - - - - - - -
I S I CLFAR
1 5 I ELLIPTICAL

GROUP 2 I 5 I SPIRAL
I 5 I HOLD
I 5 I CONTINUE

…__ _ _ _ _ _ _I … …-- - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - -
I 5 I TIME OFFSET CLEAR

GROUP 3 I S I ADn
I S I SUBTRACT
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GROUP I STATION I PUSHBUTTON
_________I … …_______I…-----------------…- - -

I S I AZIMUTH OFFSET CLEAR
GROUP 4 1 5 I Ann

I S I SUBTRACT
_________I … …--- ---- I…------------------------

I S I ELEVATION OFFSET CLEAR
GROUP S I 5 I ADn

I 5 I SLUBTRACT
~ ~I-- - -- -I…-- - - - - - - - - - -

1 49 5 I CLEAR
1 4' 5 I EARTH RADII-CPS/GC

GROUP 6 I 4v 5 I FPFQUENCY I
1 4. 5 I FREOUENCY 2
I 4' 5 I FREQUENCY 3

~ ~I-- - -- -I…-- - - - - - - - - - -
I 49 5 I CLEAR
I 4v 5 I RFMOTE A

GROUP 7 I 4v 5 I RFMOTE R
1 49 5 I REMOTE C
1 4' 5 I ADD LOCAL

I 4 I CLEAR
1 4 I SET

GROUP 8 I 4 I HOLD
1 4 I INCREASE
I 4 I DECREASE

THE PUSHBUTTON SWITCHES CONTAINED WITHIN ANY ONE GROUP PERFORM RELATED
FUNCTIONS OF CONTROL OR SELECTION AND MAY HAVE ASSOCIATED WITH THEM
THUMRWHEEL SWITCHES FOR DESIGNATING SOME PARAMETER AND/OR IN-LINE
DISPLAY FOR OPERATOR OBSERVATION OF PROGRAM COMPUTATIONS.

GROUPS 1-7 FUNCTION ONLY IN DIGITAL MOCE (SEIECTEO AT STATION 5).
IF DIGITAL MOnE IS SELECTED, EITHER DESIGNATF AZ-EL, PROGRAM, DIGITAL
SLAVE, OR DESIGNATE PA-DEC MUST BE ACTIVATED. THIS IS NECESSARY SINCE
GROUPS I THROUGH 7 WILL NOT OPERATE IF GROUP I IS CLEARED. IN ADDITION.
GROUPS I THROUGH 7 WILL FUNCTION ONLY IN CERTAIN SEQUJENCES. WHEN NOT
FUNCTIONING' GROUPS I THROUGH 7 WILL RE CLEARED.

GROUJP B, ON THE OTHER HANDI FUNCTIONS ONLY IN NOT-DIGITAL MODE;
I. E., WHEN DIGITAL MOOD IS SELECTEDP GROUJP 8 WILL BE AUTOMATICALLY
CLEARED. GROUP 8 WILL BE USED FOR QUICK LOOK.

THE AZIMUTH AND ELEVATION DISPLAYS GIVE COMPUTATIONS 16 TIMES PFR SECOND.
THE LOCAL AND REMOTE RANGE AND RANGE RATE DISPLAYS GIVE COMPUTATIONS ONCE
PER SECOND.

ALL OPERATIONS INVOLVING PUSHBUTTON CONTROL ARE FAIL-SAFE; I. E., IF THE
OPFRATOR ATTEMPTS TO INITIATE ACTION OUT OF CORRECT SEQUENCE OR IF
CERTAIN ELEMENTS HAVE NOT BEEN PROPERLY DEFINED, EITHER NOTHING HAPPENS
OR A FLASHBACK IS RETURNED BY THE PUSHBUTTON.

GROUP I

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLEAR ANY SELECTION MADE WITHIN THIS GROUP.

P. DESIGNATE AZ-FL

THE nESIGNATF AZ-EL PUSHBUTTON WILL DFSIGNATF THE FLFVATION ANGLF
(WITH RESPECT TO THE PLANE TANGENT TO THE GFOIDAL ELLIPSE) AND THE
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AZIMUTH ANGLE AT THE LOCAL SITE AS DEFINED BY THE ANGLE DESIGNATE
THUMRWHEEL SWITCHES AT STATION 5. IN GENERAL, THE ANTENNA AZIMUTH ANn
ELEVATION POINTING ANGLES WILL NOT BE THE SAME AS THE DESIGNATED ANGLES
UNLESS NO CAM CORRECTIONS HAVE BEEN PROVIOEn; 1. E., UNLESS PROGPAM
NUMBER XXI HAS BEEN SELECTED.

GROUP 2 ELLIPTICAL ANn SPIRAL SCANS ARE PERMITTED IN THE DESIGNATE AZ-EL

MonE AND ARE CENTERED AROUJT A FIXED POSITION DEFINED BY THE DESIGNATED
ANGLES. SEE GROUP 2 FOR DETAILED EXPLANATIONS.

GROUPS 3, 49 59 6, AND 7 ARE NOT PERMITTED IN THE DESIGNATE AZ-EL MonEp

ANn ACTUATING PUSHBUJTTONS IN THESE GROUPS WILL CAUSE NO ACTION.

ELEVATION IS ENTERED VIA THE ELEVATION nEsIGNATE THUMBWHEE[I SWITCH AT
STATION 5 AND CONSISTS OF A SIGNEn FIVE PLACE NUMBER WITH THREE PLACES
AFTER THE DECIMAL POINT. ANGLES FROM -99.99q TO +99.999 nEGREFS CAN BE

DESIGNATED ALTHOUGH ELEVATION LIMITS ARE DEFINED BY THE PROGRAM FOR THE
DESIGNATE AZ-EL MODE.

AZIMUTH IS ENTERED VIA THE AZIMUTH DFSIGNATE THUMBWHFFL SWITCH AT STATION
5 AND CONSISTS OF ZONES A THROUGH D FOLLOWED BY A SIX PLACE NUMBER WITH
THREE PLACES AFTER THE nECIMAL POINT. ANGLES FROM Anoo.ooo THROUGH
n399.9s9 CAN BE ENTERED ALTHOUGH AZIMUTH LIMITS ARE DEFINED BY THE
PROGRAM FOR THE DESIGNATE AZ-EL MODE. THE AZIMUTH ZONES ARE DEFINED AS
FOLLOWS:

ZONE A RANGES FROM -450.000 TO -360.000 DEGREES
ZONE B RANGES FROM -359.999 TO -000.001 DEGREES
ZONE C RANGES FROM 000.000 TO +359.999 DEGREES
ZONE 0 RANGES FROM +360.000 TO +450.000 DEGRFFS

THE NUMBER WHICH FOLLOWS THE ZONE IS A POSITIVE ANGLF BETWEEN n ANn 360

DEGREES AND LIES IN THE 0UAnQANT DEFINED BY THE ZONE; E. G., A315.oon
go nn- nnn n-^- - bn nnu, nnn Ir -ilnR non nFIRFFL'
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ROUTINE TRACK. THE PROGRAM MODE IS FUNCTIONAL ONLY IF TRACK ( I ) HAS
BEEN EXECUTED, (2) IS PROCESSING THE DATA SOURCEP AND (3) IS WITHIN
THE PROGRAM LIMITS FOR ANTENNA POSITION.

GROUPS 2. 3, 49 5. 6, AND 7 ARE PERMITTED IN PROGRAM (TRACK) MODE.
WHENEVER PROGRAM MODF IS RF-INITIATED, GROUIPS 293949 5 P6 AND 7 WILL RE
CLEARED AUTOMATICALLY.

IN GROUP 29 ONLY SPIRAL SCAN. HOLD. AND CONTINUE ARE PERMITTED IN
PROGRAM MODE. THE SPIRAL SCAN IS OF THE FORM OF A SPIRAL OF ARCHIMEnES,
WHERE THE SCAN PARAMFTERS ARF INITIALLY ENTEPED BY THE OPERATOR. FOR
COMPLETE DETAILS ON PROGRAM MODE SCANS SEE GROUP 2.

A TIME OFFSET (DFSIGNATFD BY THE TIME OFFSET THUJMBWHEFL. SWITCH AT
STATION 5) MAY BE ENTFRFD BY THE ADD-SUBTRACT PUSHBUTTONS IN GROUP 3.
AN OFFSET UP TO 7 MINUTFS Sq99q SECONDS MAY BE ADDED TO OP SURTRACTFD
FROM THE GMT TIMF.

AN AZIMUTH OFFSET (DESIGNATED BY THE AZIMUTH OFFSET THUMBWHEFL SWITCH AT
STATION 5) MAY BE ENTERED BY THE ADD-SU9TRACT PUSHBUTTONS IN GROUP 4.
AN OFFSET UP TO 99.999 DEGREES MAY BF ADDED TO OR SU9TRACTEn FROM THE
AZIMUTH ANGLE.

AN ELEVATION OFFSET (DESIGNATED BY THE ELFVATION OFFSET THUMBWHEEL AT
STATION 5) MAY RF ENTERED BY THE ADD-SUBTRACT PUSHRUTTONS IN GROUP 5.
AN OFFSET UP TO 99.999 nEGRFES MAY BE ADDED TO OR SUJBTRACTED FROM THE
ELEVATION ANGLE.

PROGRAM LIMITS FOR ANTENNA POSITION ARE -0o.no AND +90.oo nEGRFES FOR
ELEVATION AND A315.OOO AND 0045.000 DEGREES (T. E.# -405.000 AND +405.000
DEGREES, RESPECTIVELY) FOR AZIMUTH.

IF A STARTING POSITION OUTSIDE OF THE ANTENNA LIMITS IS REQUESTEn BY
PROGRAM TRACK IN CONJUNCTION WITH A PROGRAM NUMBER OXX THROUGH 4XXI THE
ANTENNA WILL HOLD AT ITS PRESENT POSITION AND RETURN A FLASHBACK TO THE
PROGRAM ( TRACK) PUSHRUTTON.

IF THE ANTENNA LIMITS ARE REACHED WHILE PROGRAM TRACK IS PROCESSING THE
DATA SOURCE. THE ANTENNA WILL HOLD AND RETURN A FLASHBACK TO THE PROGRAM
(TRACK) PUSHBUTTON.

IF INSUFFICIENT nATA IS AVAILABLE TO A CELESTIAL DATA SOURCE, PROGRAM
TRACKING WILL TERMINATE AFTER THE LAST DATA POINTt THE ANTENNA WILL HOLD'
AND A FLASHBACK WILL BE RETURNED ON ALL OF THE SELECTED PUSHBUTTON
SWITCHES EXCEPT THOSE IN GROUPS 6 AND 7 WHICH WILL BF CLEARED.

IF AN AZIMUTH, ELEVATION AND/OR TIME OFFSET IS BEING USED IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHEnD
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BE RETURNED EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARED.

IF AN AZIMUTH OR ELEVATION OFFSET USED IN CONJUNCTION WITH PROGRAM
(TRACK) DESIGNATES A POSITION OUTSIDE OF PQOGRAM LIMITS, THE PROGRAM WILL
IGNORE THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM (TRACK) DESIGNATES A
POSITION OUJTSIDE OF PROGRAM LIMITS. THE ANTENNA WILL HOLD; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELFCTED PUSHBUTTONS EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARED.

PROGRAM NUMBER OXX WILL SELECT AUTO-ACQUISITION. NO PROGRAM RETENSION.
PROGRAM NUMBER IXX WILL SELECT AUTO-ACOUISITION, PROGRAM RETENSION.
PROGRAM NUMBER 2XX WILL SELECT UNCOND. ACQUJISITIONP NO PROGRAM RETENSION.
PROGRAM NUMBER 3XX WILL SELECT UNCOND. ACOUISITION, PROGRAM RETENSION.
PROGRAM NUMBER 4XX WILL SELECT PROGRAM CORRECT CONTROL.
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PROGRAM NUMBER 5XX HAS NO MEANING IN PROGRAM (TRACK) MODE.
PROGRAM NUMBER 6XX WILL SELECT LIMIT HOLD.
PROGRAM NUMBER 7XX WILL SELECT SCAN OFFSET CONTROL.

n. DIGITAL SLAVE

PRESENTLY THIS MODE IS NOT DEFINED; BUT WHEN IT IS nEFINED. GROUPS 2' 4U
AND S WILL BE FUNCTIONAL. IN GROUP 29 ONLY SPIRAL SCAN. HOLDn AND
CONTINUE WILL BE PERMITTED IN DIGITAL SLAVE MODE.

F. DESIGNATE RA-nEC

THE DESIGNATE RA-DEC PUSHBUTTON WILL DESIGNATE THE RIGHT ASCENSION AND
DECLINATION OF A POINT ON THE CELESTIAL SPHERE (REFFRRED TO THE CENTER
OF THE GEOIDAL ELLIPSE).

GROUP 2 ELLIPTICAL AND SPIRAL SCANS ARE PERMITTED IN THE DFSIGNATE RA-DEC
MODE AND ARE CENTERED ABOUT A FIXED POSITION DEFINED BY THE DESIGNATED
ANGLES. SEE GROUlP 2 FOR DETAILED EXPLANATIONS.

GROUPS 39 4. St 6 AND 7 ARE NOT PERMITTED IN THE DESIGNATE RA-DFC MnDE,
AND ACTUJATING PUSHBUTTONS IN THESE GROUPS WILL CAUSE NO ACTION.

DECLINATION IS ENTERED VIA THE ELEVATION DES!GNATE THUMBWHFEL SWITCH AT
STATION 5 AND CONSISTS OF A SIGNED FIVE PLACE NUMERQ WITH THREE PLACES
AFTER THE DECIMAL POINT. ANGLES FROM -99,99q TO +99.999 nFDREFS CAN BE
DESIGNATED ALTHOUGH ANTENNA LIMITS ARE DEFINED BY THF PROGRAM FOR THE
nESIGNATF PA-DEC MODE.

RIGHT ASCENSION IS ENTERED VIA THE AZIMUTH DESIGNATE THUMBWHEEL SWITCH
AT STATION 5. THE ZONE PORTION OF THE DESIGNATE SWITCH IS MEANINGLESS IN
THE DESIGNATE RA-DEC MOnE AND SHOULD BE DISREGARDED. ANGLES FROM 000.000
TO 399.999 DEGREFS CAN BE ENTERED ALTHOUGH ANTENNA LIMITS ARE DEFINED BY
THE PROGRAM FOR THE DESIGNATE RA-DEC MODE,

PROGRAM LIMITS FOR ANTENNA POSITION ARE -00.00 AND +qo.OO DEGRFES FOR
ELEVATION AND A315.OnO AND 0045.000 DEGREES (I. E.p -405.0n0 AND +405S.0no
DEGRFES. RESPECTIVELY) FOR A7IMUTH.

IF A POSITION OUTSIDE OF THE PERMITTED PROGRAM LIMITS IS DESIGNATED FOR
PROGRAM NUMBERS OXX THROUGH 4XXP THE ANTENNA WILL HOLD AT ITS PRESENT
POSITION AND RETluRN A FLASHBACK TO THE DESIGNATE RA-DEC PUSHBUTTON.

IF A POSITION OUTSIDE OF THE PERMITTED PROGRAM LIMITS IS DESIGNATED IN
CONJUNCTION WITH PROGRAM NUMBER 6XX. THE ANTENNA WILL MOVE UNTIL THE
PROGRAM LIMITS ARE ENCOUNTERED AND THEN HOLD.

IN SELECTING PROGRAM NUMBERS FOR THE DESIGNATE RA-DEC MOnE, ALL REFERENCE
TO PROGRAM CONTROL OR RETENTION IS OF NO MEANING. IN THESE CASFS, ONLY
THE MODE OF ACQUISITION AND THE PROGRAM POSITION LIMITS ARE USED. THUS.
IN THE DESIGNATE RA-nEc MODF PROGRAM NUMBERS OXX AND IXX SELECT AUTO-
ACQUISITION. AND PROGRAM NUMBERS 2XX THROUGH 4XX SELECT UNCONDITIONAL
ACQUISITION, PROGRAM NUMBER 6XX SELECTS UNCONDITIONAL ACOIJISITION WITH
LIMIT HOLDn AND PROGRAM NUMBER 7XX SELECTS SCAN OFFSET CONTROL. PROGRAM
NUMBER SXX HAS NO MEANING IN DESIGNATE RA-OFC MODE.

GROUP 2

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLEAR ANY SELECTION MADE WITHIN THIS GROUP.
IF PROGRAM NUJMBER 7XX IS BEING USED IN CONJUNCTIO1N WITH ANY NON-CLEAR
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SCAN MODE (GROUP 2). CLEARING THIS GROUP WILLI RFCFNTER THE SCAN AROUND
THE LAST ANTENNA POSITION AND WILL AUTOMATICALLY ENTFR THE AZIMUTH AND
ELEVATION OFFSETS OR ADD THEM TO ANY EXISTING OFFSETS.

B. ELLIPTICAL (SCAN)

THE ELLIPTICAL (SCAN) PUSHBUTTON SELECTS ELLIPTICAL SCANNING IN
CONJUNCTION WITH THE DESIGNATE AZ-EL OR DESIGNATE PA-DEC MODE IN GROUP 1.
THF PARAMETERS OF THE ELLIPSF--THE SHAPE, AMPLITUDE, AND RATF--ARE
ENTERED THROUGH THE SCAN PARAMETER THUMBWHEEI SWITCHES AT STATION 5.
THE VELOCITY OF THE POINT BEING TRACKED IS ENTERED IN POLAR COORnINATE
FORM THROUGH THE VELOCITY DESIGNATE THUMBWHEFL SWITCH AT STATION S.
THE ELLIPSE WILL INITIALLY BE CENTERED ON THF DESIGNATE COMMAND.

THE SHAPE OF THE ELLIPSE IS DEFINED BY THE SCAN PARAMETER THUMBWHFEL
SWITCH AT STATION 5. THE SHAPE IS EQUAL TO THE RATIO OF THE MINOR AXIS
TO THE MAJOR AXIS AND IS A NUMBER BETWEFN .no AND .99v WHERE .00 IS A
LINE AND .99 IS A CIRCLE. THE SHAPE OF THE SCAN IS REFERRED TO LINEAR
AZIMUTH AND ELEVATION SCALES; HOWEVER9 IN PRACTICE THE SCANS ARE
DISTORTED AS A RFSULT OF EFFECTIVE CHANGES IN THF AZIMUTH AND FLEVATION
SCALES.

THE AMPLITUDE OF THE ELLIPSE IS DEFINED BY THE SCAN PARAMETER THUMBWHEEL
SWITCH AT STATION S. THE AMPLITUDE EQUALS THE LENGTH OF THE SEMI-MAJOR
AXIS AND IS A NUMBER BETWEEN 0.0 AND 9.9 DEGREES.

THE RATE OF THE ELLIPTICAL SCAN IS DEFINED PY THE SCAN PARAMETER
THUMRWHEEL SWITCH AT STATION 5. THE RATE IS EQIJAL TO THE FRACTION OF THE
MAXIMUM PERMITTED SCAN RATE AND IS A NUMBER PFTWEEN .00 AND .99.

THE INCLINATION OF THE MAJOR AXIS OF THE ELLIPSE TO THE HORIZONTAL AXIS
IS INDIRECTLY DEFINED BY THE VELOCITY DESIGNATE THUM9WHEEL SWITCH AT
STATION S. THE INCLINATION OF THE MAJOR AXIS TO THE HORIZONTAL AXIS IS
EQUAL TO THE INCLINATION OF THE VELOCITY DESIGNATE VECTOR TO THE
HORIZONTAL AXIS PLUS 90 DEGRFES. THE MAGNITUDE OF THE VELOCITY IS A
NUMBER BETWEEN 0.00 AND 9.99 DEGRFFS/SECOND; THE DIRECTION WITH RESPFCT
TO THE HORIZONTAL AXIS IS A NUMBER BETWEEN OO AND 399 DFGREES.

NEW SCAN PARAMETERS MAY BE ENTERED AT ANY TIMF BY RESETTING THE
THUMRWHEEL SWITCHES AND nEPRESSING THE ELLIPTICAL (SCAN) PUSHBUTTON.

WHFNEVER NEW SCANS ARF INITIATEDt THE PROGRAM TAKES THE COURSE OF LEAST
ACTION; 1. F., THE NEW SCAN WILL START AT THF POSITION NFAPFST TO THE
LAST POSITION OF THE PRFVIOUS SCAN

ACTUATING THE HOLD PUSHBUTTON WILL STOP AND HOLD THE SCAN AT ITS PRESENT
POSITION, WHEREAS THF CONTINIJF PUSHBUTTON WILL RESTART THE SCAN FROM THAT
POSITION WITH NO CHANGE IN SCAN PARAMETERS.

IF PROGRAM NUMBER 7XX IS BEING USED IN CONJUNCTION WITH ANY NON-CLFAR
SCAN MODE (GROUP 2)t CLFAPING THIS GROUP WILL RECENTER THE SCAN AROUJND
THE LAST ANTENNA POSITION AND WILL AUTOMATICALLY ENTER THE AZIMUTH AND
FLEVATION OFFSETS OR Ann THEM TO ANY EXISTING OFFSETS.

IF LIMIT HOLD ( PROGRAM NUMBF 6XX FOR DESIGNATE AZ-EL MODE ONLY ) HAS BEFN
SELECTED AND THE ANTENNA AZIMIJTH AND/OR ELEVATION LIMITS ARE NOT
CONSISTENT WITH THE SCAN PARAMETERS, THE ANTFNNA WILL MOVE UNTIL THF
PROGRAM LIMITS ARE ENCOUNTERED AND THEN HOLD.

IF AZIMUTH AND/OR ELEVATION LIMITS CONFLICT WITH THE SCAN PARAMFTERS,
THE PROGRAM WILL DISTORT THESE PARAMETERS TO CONFORM WITH THE LIMITS.

AUTOMATIC ADUISITION, ELLIPTICAL SCAN, DEFINFD BY PROGRAM NIuMBERS OXX
AND lXX, PROCEEDS IN THE FOLLOWING MANNER:
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I ) EITHER ONE OR BOTH OF THE ENABLE RECEIVER PUSHBUTTON SWITCHES AT
STATION 5 MUST BE ACTUATED.

(2) THE OPERATOR MUJST DEFINE THE SCAN PARAMETERS AND VELOCITY DESIGNATE
THROUGH THE THUMBWHFEL SWITCHES AT STATION 5. IN ADDITIONt THE
OPERATOR MUST ACTUATE THE ELLIPTICAL (SCAN) AND ONE OF THE DESIGNATE
PUSHBUTTONS. IF NO SCAN HAS BEEN SELECTED9 BEHAVIOR UPON ACQUJISITION
IS THE SAME AS IF SPIRAL SCAN HAD BEEN SFLECTED.

(3) THE OPERATOR SELECTEn ELLIPTICAL SCAN WILL INITIALLY BE CENTERED ON
THE DESIGNATE COMMAND.

(4) THE ELLIPTICAL SCAN WILL STOP WHEN A MOMFNTARY ACOUISITION IS
OBTAINED, AND A PROGRAM CONTROLLED SPIRAL SCAN WILL BE INITIATEn AT
THE POINT OF MOMENTARY ACQUISITION. WHEN THE NEW SCAN IS INITIATED
AT THE POINT OF MOMENTARY ACQUISITION, AZIMUTH AND ELFVATION
OFFSETS WILL BE ENTFRED BY THE PROGRAM (OR ADDED TO PERVIOUS OFFSETS)
SO AS TO CORRESPOND TO THE CHANGE OF CENTER. IN ADDITION, THE CENTER
OF THE SPIRAL SCAN WILL MOVE IN THE DIRECTION OF THE VELOCITY VECTOR
WITH A VELOCITY DETERMINED BY THE MAGNITUJDE OF THAT VECTOR. NO
ATTEMPT IS YET MADE FOR AUTOMATIC TRACKING. IF ANOTHER MOMENTARY
ACQUISITION IS OBTAINED WHILE IN PROGRAM CONTROLLEn SPIRAL SCAN, A
NEW SCAN IS INITIATED ABOUT THAT POINT OF MOMENTARY ACOUISITION.

(5) IF ACQUISITION IS SUSTAINED FOR MORE THAN ONE SECOND AFTER A
MOMENTARY ACQUISITION, AUTOMATIC TRACKING MODE IS INITIATED.

(6) IF1 ON THE OTHER HANnD NO FURTHER ACOUISITION IS MADE, THE ELLIP ICAL
SCAN IS RESUMED AFTER THE PROGRAM DEFINFD SPIRAL HAS FXPANDEO TO ITS
MAXIMUM AMPLITUDE. THE NEW ELLIPTICAL SCAN WILL BE RECENTERFD ABOUT
A POINT TEN SECONDS AHEAn OF THE LAST CENTER IN THE OIRFCTION OF THE
VELOCITY VECTOR.

(7) WHEN ACQUISITION IS LOST AFTER AUTOMATIC TRACKING MODE Hl BEEF
INITIATED, THE PROGRAM GOES INTO RATE MEMORY. IF THF SIGNAL GOES
ABOVE THRESHOLD DURING RATE MEMORYP AUTOMATIC TRACKING IS
REINITIATEDo IF RATE MEMORY TERMINATES AFTER APPROXIMATELY ONE
MINUTE, SCAN PROCFDURES MUST BE REINITIATED BY THE OPERATOR. THE
TIME FOR RATE MEMORY AND THE PROGRAM CONTROLLED SCAN PARAMETERS WILL
NE DIFFERENT FOR RECEIVERS I AND 2.

UNCONDITIONAL ACOUISITIONt ELLIPTICAL SCANP nFFINED BY PROGRAM NUMBERS
2XX THROUGH 6XXt PROCEEIS IN THE FOLLOWING MANNER:

(I) EITHER ONE OR BOTH OF THE ENABLE RECEIVER PUSHBUTTON SWITCHFS AT
STATION 5 MUST BE ACTUATEn.

(2) THE OPERATOR MUST DEFINE THE SCAN PARAMFTERS AND VELOCITY DESIGNATE
THROUGH THE THUMBWHFEL SWITCHES AT STATION 5. IN AnDITION9 THE
OPERATOR MUST ACTUlATE THE ELLIPTICAL (SCAN) ANn ONE OF THE DESIGNATF
PUSHBUTTONS. IF NO SCAN HAS BEEN SELFCTFD BEHAVIOR UPON ACQUISITION
IS THE SAME AS IF SPIRAL SCAN HAD BEEN SELECTED.

(3) THE OPERATOR SELECTED ELLIPTICAL SCAN WILL INITIALLY BE CENTERED ON
THE DESIGNATE COMMAND.

(4) THE ELLIPTICAL SCAN WILL PROCEED UNTIL A MOMENTARY ACQUISITION IS
OBTAINED* UPON MOMrNTARY ACQIJISITION, THE PROGRAM IMMEDIATELY
ATTEMPTS ACQIJISITION. IF ACQUOISITION IS NOT ACCOMPLISHED* THE SCAN
WILL HOLD AT ITS PRESENT POSITION. OPERATOR CONTROLLF SCANNING MAY
RE REINITIATFD BY ACTUATING THE CONTINUE PUSHBUTTON. WHEN A NFW SCAN
IS INITIATED AT A POINT OF MOMENTARY ACOI!ISITION9 AZIMUTH AND
ELEVATION OFFSETS WILL BF ENTFREn PY THE PROGRAM (OR ADnFn TO
PREVIOUS OFFSETS) IN OROFR TO CORRESPOND TO THF CHANGE OF CENTER.
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(5) IF ACQUISITION IS SUSTAINED FOR MORE THAN ONE SECOND AFTER A
MOMENTARY ACOuJISITION, AUTOMATIC TRACKING MODE IS INITIATED.

(6) WHEN ACQUISITION IS LOST AFTER AUTOMATIC TRACKING MODE HAS BEEN
INITIATEDt THE PROGRAM GOES INTO RATE MEMORY. IF THE SIGNAL GOES
ABOVE THRESHOLD DURING PATE MEMORYv AUTOMATIC TRACKING IS
REINITIATED. IF RATE MFMORY TERMINATES AFTER APPROXIMATELY ONE
MINUTES SCAN PROCFURES MUST BE REINITIATED RY THE OPERATOR. THE
TIME FOR RATE MEMORY AND THE PROGRAM CONTROLLED SCAN PARAMETERS WILL
BE DIFFERENT FOR RECEIVERS I AND 2.

C. SPIRAL (SCAN)

THE SPIRAL (SCAN) PUSHBUTTON SELECTS SPIRAL SCANNING IN CONJUNCTION WITH
THE DESIGNATE AZ-EL, PROGRAM (TRACK), DIGITAL SLAVE, OR DESIGNATE RA-nEC
PUSHBUTTONS IN GROUP 1. THE PARAMETERS OF THE SPIRAL--THF INCREMENT,
AMPLITUJOE, AND RATE--ARF ENTERED THROUGH THE SCAN PARAMETER THUMBWHEFL
SWITCHES AT STATION S. THE SPIRAL WILL INITIALLY BE CFNTRFED ON THE
DESIGNATE OR PROGRAM TRACK COMMAND. THE SCAN IS A MnnIFIFD VERSION OF
THE SPIRAL OF ARCHIMEDES. THE SPIRAL WILL COIL AWAY FROM THE CENTER
UNTIL THE SCAN LIMITS (DETERMINED BY THE OPFRATOR SELECTED SCAN
PARAMETERS) ARE REACHED AND THEN COIL BACK INTO THE CENTER AND REPEAT
THE SEQUENCE. THE DIRECTION OF ROTATION RFMAINS CONSTANT.

THE INCREMENT OF THE SPIRAL IS DEFINED BY THF SCAN PARAMFTER THLUMBWHFEL
SWITCH AT STATION 5. THE INCREMENT IS EQUAL TO THE SFPERATION BETWEEN
THE LOOPS OF THE SPIRAL AND IS A NUMBER BETWFEN .00 AND .99 nEGREES,
WHERE .00 Is A POINT AND .99 IS THE SPIRAL WHICH OPENS FASTEST. THE
INCREMENT FOR THESE SCANS IS RFFERRED TO LINEAR AZIMUTH AND ELFVATION
SCALES. IN PRACTICE, THE SCANS APE DISTORTFn AS A RESULT OF EFFECTIVE
CHANGES IN THE AZIMUTH AND ELEVATION SCALES.

THE AMPLITUDF OF THE SPIRAL IS DEFINED BY THE SCAN PARAMETER THUMBWHFEL
SWITCH AT STATION S. THE AMPLITUDE EQUALS THE DISTANCE FROM THECENTER
OF THE SPIRAL TO ITS MAXIMUM VALUF AND IS EQU1AL TO A NUMBER BFTWFEN 0.0
AND 9.9 DEGREES.

THE RATE OF THE SPIRAL SCAN IS DEFINED BY THF SCAN PARAMFTFR
THUMBWHEEL SWITCH AT STATION S. THE RATE IS EQUAL TO THE FRACTION OF THE
MAXIMUM PERMITTED SCAN RATE AND IS A NUJMBER BETWEFN .00 ANn .99.

NEW SCAN PARAMETERS MAY 9E ENTERED AT ANY TIME BY RESFTTING THF
THUMRWHFEL SWITCHES AND DEPRESSING THE SPIRAL (SCAN) PUSHBUTTON.

WHENEVER NEW SCANS ARE INITIATED, THE PROGRAM TAKES THE COUPSE OF LEAST
ACTION; I, F.. THE NEW SCAN WILL START AT THF POSITION NEAREST TO THE
LAST POSITION OF THE PRFVIOUS SCAN.

ACTUATING THE HOLD PIJSHRtJTTON WILL STOP AND HOLD THE SCAN AT ITS PRESENT
POSITION. WHEREAS THE CONTINUE PUSHBUTTON WILL RESTART THE SCAN FROM THAT
POSITION.

IF PROGRAM NUMBER 7Xx IS BEING USED IN CONJUNCTION WITH ANY NON-CLEAR
SCAN MODE (GROUP 2). CLEARING THIS GRDUP WILL RECFNTFR THE SCAN AROUUND
THE LAST ANTENNA POSITION AND WILL AUTOMATICALLY FNTFR THE AZIMUTH AND
FLEVATION OFFSETS OR Ann THEY TO ANY EXISTING OFFSFTS.

IF LIMIT HOLD (PROGRAM NUMBFP SXX FOR nFSIGNATE AZ-FL MODE ONLY) HAS RFFN
SELECTED AND THE ANTFNNA AZIMUTH AND/OR ELEVATION LIMITS ARF NOT
CONSISTENT WITH THE SCAN PARAMETFRS. THE ANTFNNA WILL MOVE UNTIL THE
PROGRAM LIMITS ARE ENCOt.NTFPF AND THFN HOLn.

IF AZIMUTH ANO/OR ELEVATION LIMITS CONFLICT WITH THE SCAN PARAMETERSP
THE DROGRAM WILL DISTORT THESE PARAMFTERS TO CONFOPM WITH THF LIMITS.
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AUTOMATIC ACOUISITIONt SPIRAL SCAN. FOR nFSIGNATE A7-EL AND
DESIGNATF RA-DECi DEFINED RY PROGRAM NUMBERS OXX AND IXX9 PROCEEDS IN
THE FOLLOWING MANNER:

(I) EITHER ONE OR BOTH OF THE ENABLE RFCFIVFQ PUSHRUTTON SWITCHES AT
STATION S MUJST BE ACTUATFD.

(2) THE OPERATOR MUST DEFINE THE SCAN PARAMETERS THROUGH THF THUMRWHFFL
SWITCHES AT STATION S. IN AnDITIONt THE OPERATOR MUJST ACTUATE THE
SPIRAL (SCAN) AND ONE OF THE DESIGNATE PUSHBUTTONS. IF NO SCAN IS
SELECTED. BEHAVIOR UPON ACOUISITION--MOMENTARY OR OTHEPWISF--IS THE
SAME AS IF SPIRAL SCAN HAD BEEN SFLFCTED.

(3) UPON A MOMENTARY ACQUISITION. THE OPERATOR SPIRAL SCAN WILL
AUTOMATICALLY JUMP INTO A PROGRAM SPIRAL SCAN CENTERED UPON THE
ACQUISITION POINT. NO ATTEMPT IS YET MAnF FOR AUTOMATIC TRACKING. IF
ANOTHER MOMENTARY ACQUISITION IS OBTAINED WHILE IN PROGRAM CONTROLLED
SPIRAL SCAN, A NEW SCAN IS INITIATED ABOUT THAT POINT OF MOMFNTAPY
ACQUISITION, WHEN A NEW SCAN IS INITIATFD AT A POINT OF MOMENTARY
ACQUISITION> AZIMUTH AND ELEVATION OFFSETS WILL BE ENTERFD 8Y THE
PROGRAM (OR ADDED TO PREVIOUS OFFSETS) IN ORDER TO CORRESPOND TO THE
NEW CENTER,

(4) IF ACQUJISITION IS SUSTAINED FOR MORE THAN ONE SECOND AFTER A
MOMENTARY ACOUISITIONt AUTOMATIC TRACKING MODE IS INITIATED.

(5) IF. ON THE OTHER HANnD NO FURTHER ACOUISITION IS MADE AFTER THE
PROGRAM DEFINED SPIRAL SCAN HAS EXPfNOED TO ITS MAXIMUM AMPLITLUDE
THE OPERATOR DEFINED SCAN WILL RESUME CENTERED ABOUT THF LAST
ACQUISITION POINT.

(6) WHEN ACQUISITION IS LOST AFTER AUTOMATIC TRACKING MOnE HAS BEEN
INITIATED. THE PROGRAM GOES INTO RATE ME'DORY. IF THE SIGNAL GOES
ABOVE THRESHOLD DURING BATE MEMORY, AUTOMATIC TRACKING IS
REINITIATED. IF RATE MEMORY TERMINATES AFTER A)PPQOXIMATFLY ONE
MINUTE# SCAN PROCEDURES MUJST BE REINITITED BY THE OPERATOR. THE
TIME FOR RATE MEMORY ANO THE PROGRAM CONTPOLLIr- SCAN PARAMFTERS WILL
BE DIFFERENT FOR RECEIVERS I AND 2.

UNCONDITIONAL ACOUISITION. SPIRAL SCAN, FOR nFSIGNATF AZ-EL AND
DESIGNATE RA-DEC? DEFINrO BY PROGRAM NUM9ERS 2XX THROUGH 4XX9 PROCEEDS
IN THE FOLLOWING MANNER:

(I) EITHER ONE OR BOTH OF THE ENABLE RFCEIVER PUSHRUTTON SWITCHES AT
STATION S MUST BE ACTUATED.

(2) THE OPERATOR MUST DEFINE THE SCAN PARAMFTERS THROUJGH THE THUMBWHFEL
SWITCHES AT STATION 5. IN ADDITION, THE OPERATOR MUST ACTUATE THE
SPIRAL (SCAN) AND ONE OF THE DESIGNATE PUUSHBUTTONS. IF NO SCAN IS
SELECTED, BEHAVIOR UPON ACOIJISITION--MOMENTARY OR OTHEPWISE--IS Thi-
SAME AS IF SPIRAL SCAN HAD BEEN SELECTED.

(3) THE OPERATOR SELECTED SPIRAL SCAN WILL INITIALLY BE CENTERED ON
THE DESIGNATE COMMAND.

(4) THE SPIRAL SCAN WILL PROCEED UNTIL A MOMFNTARY 'ACOULISITION IS
OBTAINED. UPON MOMENTARY ACQUISITION, THE PROGRAM IMMEDIATELY
ATTEMPTS ACQUISITION. IF ACOlUISITION IS NOT ACCOMPLISHED, THE SCAN
WILL HOLD AT ITS PRESENT POSITION. OPERATOR CONTROLLED SCANNING MAY
BE REINITIATFD BY ACTUATING THE CONTINUE PUSHBUTTON. WHEN A NEW SCAN
IS INITIATED AT A POINT OF MOMENTARY ACOlISITION, AZIMUJTH AND
ELEVATION OFFSETS WILL BE ENTERED BY THE PROGRAM (OR ADDED TO
PREVIOUS OFFSETS) IN ORDER TO CORRESPOND TO THE CHANGE OF CENTER.

(5) IF ACQUISITION IS SUSTAINED FOR MORE THAN ONF SECOND AFTER A
MOMENTARY ACOUISITION. AUTOMATIC TRACKING MODE IS INITIATED.
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(6) WHEN ACOUIS1TION IS LOST AFTER AUlTCMATIC TRACKING MODE HAS REEN
INITIATED, THE PROGRAM GOFS INTO RATE MFMnRY. IF THE SIGNAL GOES
ABOVE THRESHOLD nURING RATE MEMORY, AUTOmATIC TRACKING IS
REINITIATFD. IF RATE MEMORY TERMINATES AFTER APPROXIMATELY ONE
MINUJTEP SCAN PROCFDlJRES MUST RE REINITIATED BY THE OPERATOR. THE
TIMF FOR RATE MEMORY AND THE PROGRAM CONTROLLED SCAN PARAMETERS WILL
BE DIFFERENT FOR RECFIVERS I AND 2.

ROTH AUTOMATIC AND UNCONDITIONAL AQUISITION IN PROGRAM MODE WITH PROGRAM
RETENTION WILL CONTINUF TO PROCESS PROGRAM TPACK AFTFR AUJTOMATIC TRACKING
HAS BEEN ESTABLISHED.

BOTH AUTOMATIC AND UNCONDITIONAL ACOQUISITION IN PROGRAM MODF WITH NO
PROGRAM RETENTION WILL STOP PROCESSING PROGRAM TRACK ONCE THE AUTOMATIC
TRACKING MODE HAS BEEN FSTARLISHED.

AUTOMATIC ACQUISITIONt SPIRAL SCAN, FOR THE PROGRAM MODE. nEFINED BY
PROGRAM NUMBERS OXX AND IXX, PROCEEDS IN THE FOLLOWING MANNER:

(I ) EITHER ONE OR BOTH OF THF ENABLE RECFIVFP PUSHRlUTTON SWITCHES AT
STATION 5 MUST BF ACTUATFn.

(2) THE OPERATOR MUST DEFINF THE SCAN PARAMETERS THROUGH THE THUM8WHFEL
SWITCHES AT STATION So IN AnDITION, THE OPERAT09 MUST ACTUATE THF
SPIRAL (SCAN) AND ONF OF THE DESIGNATE PUSHBuJTTONS. IF NO SCAN IS
SELECTED, BEHAVIOR UPON ACQUISITION--MOMFNTARY OR OTHFRWISF--IS THE
SAME AS IF SPIRAL SCAN HAD BEEN SELECTFD.

(3) THE OPERATOR SELECTED SPIRAL SCAN WILL INITIALLY RE CENTFRED ON THE
PROGRAM TRACK COMMAND. THEREFORE. THE CENTER OF THE SPIRAL SCAN WILL
MOVE ALONG THE PROGRAM TRACKING PATH.

(4) UPON MOMENTARY ACOIJISITION. THE OPERATOR SPIRAL SCAN WILL
AUTOMATICALLY JUMP INTO A PROGRAM SPIRAL SCAN CFNTEREn UPON THE
ACQUISITION POINT. NO ATTEMPT IS YET MADF FOR AlUTOMATIC TRACKING. IF
ANOTHER MOMENTARY ACQUISITION IS ORTAINEn WHILE IN PROGRAM CONTROLLFE
SPIRAL SCAN. A NFW SCAN IS INITIATED AB0UJT THAT POINT OF MOMENTARY
ACQUISITION. WHEN A NEW SCAN IS INITIATED AT A POINT OF MOMENTARY
ACQUISITIONP AZIMUTH AND ELEVATION OFFSETS WILL BE ENTERED BY THE
PROGRAM (OR ADDED TO PRFVIOUS OFFSETS) IN ORDER TO CORRESPOND TO THE
NEW CENTER.

(S) IF ACQUISITION IS SUSTAINED FOR MORE THAN ONE SECOND AFTER A
MOMENTARY ACOIJISITION, AUTOMATIC TRACKING MODE IS INITIATED.

(6) IF. ON THE OTHER HAND. NO FURTHER ACQUJISITION IS MADE AFTER THE
SPIRAL HAS EXPANDED TO ITS MAXIMUM AMPLITUDE, THE OPERATOR SPIRAL
SCAN WILL RESUME CENTERED ABODUT THE LAST ACQUISITION POINT.

(7) WHEN ACQUISITION IS LOST AFTER AUTOMATIC TRACKING MODE HAS BEEN
INITIATED, THE PROGRAM GOES INTO RATE MEMORY. IF THE SIGNAL GOES
ABOVE THRESHOLD DURING RATE MEMORY. AUUTOMATIC TRACKING IS
REINITIATED. IF RATE MEMORY TERMINATES AFTER APPROXIMATELY ONE
MINUTE. CONTROL IS RETURNED TO PROGRAM TRACK BUJT WITH NO SCAN (OR
OTHER SELFCTIONS IF THERE IS NO PROGRAM RETENTION). ANY NEW SCAN
MUST BE REINITIATED BY THE OPERATOR. THF TIME FOR RATE MEMORY AND
THE PROGRAM CONTROLLED SCAN PARAMETERS WILL BE DIFFERENT FOR
RECEIVERS I AND 2.

UNCONDITIONAL ACQUISITION, SPIRAL SCAN. IN PROGRAM MODE. DEFINED BY
PROGRAM NUMBERS 2XX AND 3XXt PROCFEDS IN THE FOLLOWING MANNER:

(I ) EITHER ONE OR BOTH OF THE ENARLE RECFIVEP PUSHBUTTON SWITCHES AT
STATION 5 MluST BE ACTUATED.



NRL REPORT 7110 37

(2) THE OPERATOR MUST DFFINF THE SCAN PARAMETERS THROUGH THE THUMBWHFEL
SWITCHES AT STATION 5. IN ADDITION, THE OPERATOP MUST ACTUJATE THE
SPIRAL (SCAN) AND ONF OF THE DESIGNATE PUJSHBUTTONS. IF NO SCAN IS
SELECTED. BEHAVIOR UPON ACQUJISITinN--MoMFNTARY OR OTHFRWISF--IS THE
SAME AS IF SPIRAL SCAN HAD BEEN SELECTED.

(3) THE OPERATOR SELECTED SPIRAL SCAN WILL INITIALLY BE CENTERED ON THE
PROGRAM TRACK COMMAND. THEREFORE, THF CENTER OF THE SPIRAL SCAN WILL
MOVE ALONG THE PROGRAM TRACKING PATH.

(4) THE SPIRAL SCAN WILL PROCEED UNTIL A MOMFNTARY ACQUISITION IS
OBTAINED. UPON MOMENTARY ACQUISITION, THE PROGRAM IMMEDIATELY
ATTEMPTS AOUISITION. IF ACQUJISITION IS NOT ACCOMPLISHEnD THE SCAN
WILL HOLD AT ITS PRESENT POSITION. OPERATOR CONTROLLED SCANNING MAY
HE REINITIATED BY ACTUATING THE CONTINUE PUSHBUTTON; BUT THE NEW SCAN
WILL HE CENTERED ABOUT THE LAST ACOUISITION POINT.

(S) IF ACQUISITION IS SUSTAINED FOR MORE THAN ONE SECOND AFTER A
MOMENTARY ACQUISITION. AUTOMATIC TRACKING MODE IS INITIATED.

(6) WHEN ACQUISITION IS LOST AFTER AUTOMATIC TRACKING MODE HAS BEEN
INITIATED, THE PROGRAM GOES INTO RATE MEMORY. IF THE SIGNAL GOES
ABOVE THRESHOLD DURING RATE MFMORYD AUTOMATIC TRACKING IS
REINITIATED. IF RATE MEMORY TERMINATES AFTER APPROXIMATELY ONE
MINUJTEt CONTROL IS RETURNED TO PROGRAM TRACK BUT WITH NO SCAN. ANY
NEW SCAN MUST BE REINITIATED BY THE OPERATOR. THE TIME FOR RATE
MEMORY AND THE PROGRAM CONTROLLED SCAN PARAMETERS WILL BE DIFFERENT
FOR RECEIVERS I AND 2*

PROGRAM CORRECT CONTROL, SPIRAL SCAN. IN PROGRAM MODE. DFFINED BY PROGRAM
NUMBER 4XX# PROCFEDS IN THE FOLLOWING MANNER:

(I) FITHER ONE OR BOTH OF THE ENABLE RECEIVER PUSHBUTTON SWITCHES AT
STATION S MUST BE ACTUATED.

(2) THE OPERATOR MUST ODFINE THE SCAN PARAMETERS THROUGH THE THUMBWHEEL
SWITCHES AT STATION 5. IN AnnITION, THE OPERATOR MUST ACTUATE THE
SPIRAL (SCAN) AND ONE OF THE DFSIGNATF PUSHBUTTONS. IF NO SCAN IS
SELECTED. BEHAVIOR UPON ACOUISITION--MOMFNTARY OR OTHERWISE--IS THE
SAME AS IF SPIRAL SCAN HAD BEEN SELECTED.

(3) THE OPERATOR SELECTED SPIRAL SCAN WILL INITIALLY BE CENTERED ON THE
PROGRAM TRACK COMMAND. THEREFOREt THE CENTER OF THE SPIRAL SCAN WILL
MOVE ALONG THE PROGRAM TRACKING PATH.

(4) UJPON MOMENTARY ACQUISITION9 THE OPERATOR SPIRAL SCAN WILL
AUTOMATICALLY JUMP INTO A PROGRAM SPIRAL SCAN CENTERED UPON THE
ACQUISITION POINT. THE RELATIVE SIGNAL STRENGTH AT SUCCESSIVE
POSITIONS IN THE SCAN IS STORED BY THE PROGRAM; AND UPON COMPLETING
THE PROGRAM CONTROLLED SCAN, PROGRAM TRACKING IS CONTINUED AT THE
POINT OF MAXIMUM SIGNAL STRENGTH. THE OPERATOR MUST REINITIATE
PROGRAM CORRECT CONTROL IF THE PROGRAM TRACK IS TO BE PEAKED AGAIN.

0. HOLD

THE HOLD PUSHBUTTON WILL CAUSE SCANNING TO STOP AT ITS PRESENT POSITION
AND HOLD. THE SCAN MAY BE CONTINUED BY ACTUATING THE CONTINUE PUSHBUTTON
IN THE SAME GROUP. SEE THE CONTINUE PUSHBUJTTON FOR FURTHER DETAILS.

IF PROGRAM NUMBER 7XX IS BEING USED IN CONJUNCTION WITH ANY NON-CLEAR
SCAN MODE (GROUP 2). CLEARING THIS GROUP WILL RECENTER THE SCAN AROUND
THE LAST ANTENNA POSITION AND WILL AUTOMATICALLY ENTER THE AZIMUTH AND
ELEVATION OFFSETS OR ADD THEM TO ANY EXISTING OFFSETS.
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E. CONTINUE

THE CONTINUE PUSHBUTTON WILL CONTINUE (WITH NO CHANGE IN SCAN PARAMETERS)
A SCAN WHICH HAS BEEN STOPPF AND IS HCLOING BECAUSE A POSITION OUTSinE
OF PROGRAM LIMITS HAS RFFN DESIGNATED OR BECAUSE THE PROGRAM LIMITS HAVE
BEEN REACHED.

IF PROGRAM NUMBER 7XX IS BEING USED IN CONJUJNCTION WITH ANY NON-CLEAR
SCAN MODE (GROUP 2). CLEARING THIS GROUP WILL RECFNTER THE SCAN AROUND
THE LAST ANTENNA POSITION AND WILL AUTOMATICALLY ENTER THE AZIMUTH AND
ELEVATION OFFSETS OR ADD THEM TO ANY EXISTING OFFSETS.

GROUP 3

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLEAR ANY SELECTION MAnE WITHIN THIS GROUP.

B. ADD (TIME OFFSET)

THE ADD PUSHBUTTON IN THIS GROUP WILL OFFSET THE GMT TIME BY UP TO
PLUS 7 MINUTES 59.999 SECONDS. THE MAGNITUDF UF THE TIME OFFSET IS
DEFINED BY THE TIME PRESET THUMBWHEEL SWITCH AT STATION 5.

IF AN AZIMUTH, ELEVATION AND/OR TIME OFFSET IS BEING USED IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHED,
A FLASHBACK ON ALL OF THE SELECTEn PUSHBUTTONS WILL BE RETURNEn EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARFn.

IF AN AZIMUTH OR ELEVATION OFFSET USEn IN CONJUNCTION WITH PROGRAM TRACK
DESIGNATES A POSITION OU.TSIDE OF PROGRAM LIMITS. THE PROGRAM WILL IGNORE
THAT OFFSEr AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PRoGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITS, THE ANTENNA WILL HOLn; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELECTED PUISHBUTTONS FXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL RE CLEAREn.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MOOF FROM GROUP I HAS
BEEN SELECTED.

C. SUBTRACT (TIME OFFSET)

THE SUBTRACT PUSHBUTTON IN THIS GROUP WILL OFFSET THE GMT TIME BY UP TO
MINUS 7 MINUTES 59.999 SECONOS. THE MAGNITUnE OF THIS OFFSET IS nEFINED
BY THE TIME PRESET THUMRWHFFL SWITCH AT STATION S.

IF AN AZIMUTH, ELEVATION AND/OR TIME OFFSET IS BEING USEn IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHED.
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BE RETURNFn EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLFARFn.

IF AN AZIMUTH OR ELEVATION OFFSET USEn IN CONJUNCTION WITH PROGRAM TRACK
DESIGNATES A POSITION OUTSInE OF PROGRAM LIMITS, THE PROGRAM WILL IGNORE
THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITS, THE ANTENNA WILL HOLn; ANn A
FLASHBACK WILL BE RETURNF TO ALL OF THE SELFCTF PUUSHBUTTONS FXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARFn.

THIS PUSHBUTTON WILL BE CLEAQF UNLESS PROGRAM MODE FROM GROUP I HAS
8EEN SELECTEn.
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GROUP 4

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLFAR ANY SELECTION MADE WITHIN THIS GROUP.

B. ADO (AZIMUTH OFFSET)

THE ADD PUSHBUTTON IN THIS GROUP WILL OFFSET THE AZIMUTH BY UP TO
PLUS 99.999 DEGREES. THE MAGNITUDE OF THE AZIMUTH OFFSET IS DEFINED BY
THE OFFSET PORTION OF THE AZIMUTH DESIGNATE THUMBWHEEL SWITCH AT
STATION S.

IF AN AZIMUTH9 ELEVATION AND/OR TIME OFFSET IS RFING USED IN CONJuJNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHED,
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BE RETURNEn EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEAREn.

IF AN AZIMUTH OR ELEVATION OFFSET USED IN CONIJUNCTION WITH PROGRAM TRACK
DESIGNATES A POSITION OUTSIDE OF PROGRAM LIMITS, THE PROGRAM WILL IGNORE
THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITS. THE ANTENNA WILL HOLD; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELECTED PUSHBUTTONS EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARED.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MODE OR DIGITAL SLAVE MODE
FROM GROUP I HAS BEEN SFLECTED.

C. SUBTRACT (AZIMUTH OFFSET)

THE SUBTRACT PUSHBUTTON IN THIS GROUP WILL OFFSET THE AZIMUTH BY UP TO
MINUS 99.999 DEGREES. THF MAGNITUDE OF THE AZIMUTH OFFSET IS nEFINED
BY THE OFFSET PORTION OF THF AZIMUTH DESIGNATE THUJMBW'HFEL SWITCH AT
STATION 5.

IF AN AZIMUTHt ELEVATION AND/OR TIME OFFSET IS BEING USEDi IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTFNN.A POSITION IS REACHED.
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BF RETURNED EXCEPT
THOSF IN GROUPS 6 AND 7 WHICH WILL BE CLEAREn.

IF AN AZIMUTH OR ELEVATION OFFSET USED IN CONJUNCTION WITH PPOGRAM TRACK
DESIGNATES A POSITION OUTSinE OF PROGRAM LIMITS, THE PROGRAM WILL IGNORE
THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITSt THE ANTENNA WILL HOLD; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELFCTED PUSHBUTTONS FXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARF.

THIS PUSHBUTTON WILL BF CLEARFO UNLESS PROGRAM MOnF OR DIGITAL SLAVF MOnF
FROM GROUP I HAS BEEN SFLFCTEn.

GROUP 5

A. CLEAR

THE CLEAR PUSHBUlTTON WIlL CLEAR ANY SELECTION MADE WITHIN THIS GROUP.
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B. ADD (ELEVATION OFFSET)

THE ADD PUSHBUTTON IN THIS GROUP WILL OFFSET THE ELEVATION BY UP TO
PLUS 99.999 DEGREES. THE MAGNITUDE OF THE ELEVATION OFFSET IS DEFINFn BY
THE OFFSET PORTION OF THE ELEVATION DESIGNATF THUMBWHEEL SWITCH AT
STATION 5.

IF AN AZIMUTH. ELEVATION AND/OR TIME OFFSET IS BEING USED IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHED,
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BE RETURNED EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEAREn.

IF AN AZIMUTH OR ELEVATION OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK
DESIGNATES A POSITION OUJTSIDE OF PROGRAM LIMITS, THE PROGRAM WILL IGNORE
THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITSP THE ANTENNA WILL HOLD; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELECTED PuSHBUTTONS EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARED.

THIS PUSHBUTTON WILL RE CLEARED UNLESS PROGRAM MODE OR DIGITAL SLAVE MonF
FROM GROUP I HAS BEEN SFLECTED.

C. SUBTRACT (ELEVATION OFFSET)

THE SUBTRACT PUSHBUTTON IN THIS GROUP kILL OFFSET THF ELEVATION BY UP TO
MINUS 99.999 DEGREES. THE MAGNITUDE OF THE FLEVATION OFFSET IS DEFINED
HY THE OFFSET PORTION OF THE ELEVATION DESIGNATE THUMRWHEEL SWITCH AT
STATION S.

IF AN AZIMUUTH ELEVATION AND/OR TIME OFFSET IS REING USED IN CONJUNCTION
WITH PROGRAM TRACK WHEN A PROGRAM LIMIT FOR ANTENNA POSITION IS REACHEDt
A FLASHBACK ON ALL OF THE SELECTED PUSHBUTTONS WILL BE RFTUJRNEn EXCEPT
THOSE IN GROUPS G AND 7 WHICH WILL BE CLEAREn.

IF AN AZIMUTH OR ELEVATION OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK
DESIGNATES A POSITION OUTSIDE OF PROGRAM LIMITS. THE PROGRAM WILL IGNORE
THAT OFFSET AND RETURN A FLASHBACK TO THAT OFFSET PUSHBUTTON ONLY.

IF A TIME OFFSET USED IN CONJUNCTION WITH PROGRAM TRACK DESIGNATES A
POSITION OUTSIDE OF PROGRAM LIMITS, THE ANTENNA WILL HOLn; AND A
FLASHBACK WILL BE RETURNED TO ALL OF THE SELFCTED PUSHBUTTONS EXCEPT
THOSE IN GROUPS 6 AND 7 WHICH WILL BE CLEARFn.

GROUP 6

A. CLEAR

THE CLFAR PUSHRBTTON WILL CLFAR ANY SELECTION MADE WITHIN THIS GROUP AS
WELL AS IN GROUP 7.

R. EARTH RAnil-CPS/GC

THE EARTH RADII-CPS/GC PUSHRBJTTON WILL DISPLAY THF RANGE AND RANGE RATE
(IN EARTH RADII AND CPS/GC9 RESPECTIVELY) FROM THE LOCAL SITE AND' UNDER
CERTAIN CIRCUMSTANCES. FROM A REMOTE SITE TO A SATELLITE OR CELESTIAL
OBJECT. THE COMPUTATIONS APPEAR ONCE PER SECOND THROUGH THE LOCAL AND
REMOTE IN-LINE DISPLAYS AT STATIONS 4 AND S.
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THE REMOTE RANGE AND RANGE RATE MAY BE DISPLAYED BY FIRST nFFINING A
REMOTE SITE AND THEN HY SELECTING THAT SITE THROUJGH THE APPROPQIATE
PUSHRUTTON SWITCH IN GROUP 7. REMOTE SITES MAY NFVER BE USFn EXCEPT
IN CONJUNCTION WITH THE LOCAL SITE. IF A REMOTE SITE HAS BEEN DFFINFO
AND SELECTED' THF ADD LOCAL PUSHBUTTON WILL ENTFR THE REMOTE DISPLAYS
WITH THE RANGE AND RANGE RATF FOR THE TOTAL PATH BETWEEN THF LOCAL SITE.
THE SATELLITE OR CELESTIAL OBJECT, AND THE REMOTE SITE.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MODE FROM GROUlP I HAS
BEEN SELECTED.

C. FRED. I

THF FREO. I PUJSHRUTTON WILL DISPLAY THE DOPPLER SHIFT AND FREE SPACE
ATTENNUATION BETWEEN ISOTROPIC ANTENNAS (IN CPS AND OECIRELSV
RESPECTIVELY) FROM THE LOCAL SITE ANnD UNDER CERTAIN CIRCUMSTANCES, FROM
A REMOTE SITE TO A SATELLITE OR CELESTIAL OBJECT. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE LOCAL AND REMOTE IN-LINF DISPLAYS
AT STATIONS 4 AND S.

THE REMOTE DOPPLER SHIFT AND FREE SPACE ATTFNNUlATION MAY BE DISPLAYEn
BY FIRST DEFINING A REMOTE SITE AND THEN BY SELECTING THAT SITE THROUGH
THE APPROPRIATE PUSHBUTTON IN GROUJP 7. REMOTE SITES MAY NEVER RE usEn
EXCEPT IN CONJUNCTION WITH THE LOCAL SITE. IF A REMOTE SITE HAS BEEN
DEFINED AND SELECTED9 THF Ann LOCAL PUJSHRUTTnN WILL FNTER THE PEMOTF
nISPLAYS WITH THE FREE SPACE ATTENNUATION ANn nOPPLFR SHIFr FOR THE
TOTAL PATH BETWEEN THE LOCAL SITE, THE SATELLITE OP CELESTIAL ORJECT.
AND THE REMOTE SITE.

THIS PUSHBUTTON WILL RE CLEARED UNLESS PROGRAM MOnF FROM GROUP I HAS
BEEN SELECTED.

D. FREO. 2

THE FREO. 2 PUSHRUTTON WILL DISPLAY THE DOPPLFR SHIFT AND FREE SPACE
ATTENNUATION BETWEEN ISOTROPIC ANTENNAS (IN CPS AND DECIBELS'
RESPECTIVELY) FROM THE LOCAL SITE ANnY UNDER CERTAIN CIRCUMSTANCES$ FROM
A REMOTE SITE TO A SATELLITE oR CELESTIAL oBJECT. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE LOCAL AND REMOTF IN-LINF DISPLAYS
AT STATIONS 4 AND S.

THE REMOTE DOPPLER SHIFT AND FREE SPACE ATTENNUATION MAY BE DISPLAYED
BY FIRST DEFINING A REMOTE SITE AND THEN BY SELECTING THAT SITE THROUGH
THE APPROPRIATE PUSHRUTTON IN GROUP 7. REMOTE SITES MAY NEVER BE USED
EXCEPT IN CONJUNCTION WITH THE LOCAL SITE. IF A REMOTE SITE HAS BEEN
DEFINED AND SELECTED, THE Ann LOCAL PUJSHRUTTotN WILL ENTER THE REMOTE
DISPLAYS WITH THE FREE SPACF ATTFNNUATION AND DOPPLER SHIFT FOR THE
TOTAL PATH BETWEEN THE LOCAL SITE, THE SATELLITE OR CELESTIAL OBJECT,
AND THE REMOTE SITE.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MODE FROM GROUP I HAS
BEEN SELECTED.

F. FRED. 3

THE FREO. 3 PUJSHBUTTON WILL DISPLAY THE DOPPLER SHIFT AND FREE SPACE
ATTENNUATION BETWEEN ISOTROPIC ANTENNAS (IN CPS AND DECIBELS'
RESPECTIVELY) FROM THE LOCAL SITE ANDO UNDER CERTAIN CIRCUMSTANCES, FROM
A REMOTE SITE TO A SATELLITE OR CELESTIAL ORJECT. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE LOCAL AND REMOTE IN-LINE DISPLAYS
AT STATIONS 4 ANO S.

41
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THF REMOTE DOPPLER SHIFT AND FREE SPACE ATTFNNUATION MAY RF DISPLAYED
BY FIRST DEFINING A REMOTE SITE AND THFN BY SELFCTING THAT SITE THROUGH
THE APPROPRIATE PUSHRUTTON IN GROUP 7. RFMOIF SITES MAY NFVER BE USFD
FXCEPT IN CONJUJNCTION WITH THE LOCAL SITE. IF A REMOTE SITE HAS RFFN
DEFINED AND SELECTED, THE Ann LOCAL PUSHRUTTON WILL ENTER THE REMOTE
DISPLAYS WITH THF FREE SPACF ATTENNUATION AND DOPPLER SHIFT FOR THE
TOTAL PATH BETWEFN THE LOCAL SITE, THE SATELLITE OR CELFSTIAL OBJFCT,
AND THE REMOTE SITE.

THIS PUSHBUTTON WILL RB CLEARED UNLESS PROGRAM MOnF FROM GROUP I HAS
REEN SELFCTEn.

GROUP 7

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLFAR ANY SELECTION MADE WITHIN THIS GROUP.

P. REMOTF A

THE REMOTE A PUSHBUTTON WILL DISPLAY THE COMPUTATIONS FOR REMOTE SITF A
(OFFINED BY THE ROUTINE SITF.) AS SELECTED BY THE EARTH RAnII-CPS/GCv
FRFD. 1, FREQ. 29 OR FRFO. 3 PUSHBUTTON FROM GROUP 6. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE REMOTE IN-LINE DISPLAYS AT STATIONS 4
AND S. REMOTE SITES MAY NEVER HE USED EXCEPT IN CONJUNCTION WITH THE
LOCAL SITE.

IF A REMOTE SITE HAS BEFN DFFINED AND SELECTED' THE ADD LOCAL PUJSHBUTTON
WILL ENTER THE REMOTE DISPLAYS WITH COMPUTATIONS FOR THE TOTAL PATH
BETWEEN THE LOCAL SITE. THE SATELLITE OR CELESTIAL OBJECT. AND THE
REMOTE SITE.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PRnGRAM MODE OR DIGITAL SLAVE MOnE
FROM GROUP I HAS BEEN SELECTED.

C. REMOTE B

THE REMOTE B PUSHBUTTON WILL DISPLAY THE COMPUTATIONS FOR REMOTE SITF B
(DEFINED BY THE ROUTINE SITE.) AS SELECTED BY THE EARTH RADII-CPS/GCp
FREO. it FRED. 29 OR FRED. 3 PUSHRUTTON FROM GROUP 6. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE RFMCTE IN-LINE DISPLAYS AT STATIONS 4
AND s. REMOTE SITES MAY NEVER BE USED EXCEPT IN CONJUNCTION WITH THF
LOCAL SITE.

IF A REMOTE SITE HAS BEEN DFFINED AND SELECTFD' THE ADD LOCAL PUSHBUTTON
WILL ENTER THE REMOTE DISPLAYS WITH COMPUTATIONS FOR THE TOTAL PATH
BETWEEN THE LOCAL SITE, THE SATELLITE OR CELESTIAL OBJECT, AND THE
REMOTE SITE.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MODE OR DIGITAL SLAVE MODE
FROM GROUP I HAS BEEN SELECTED.

0. REMOTE C

THE REMOTE C PUSHBUTTON WILL DISPLAY THE COMPUTATIONS FOR REMOTE SITF C
(DEFINED BY THE ROUTINE SITF.) AS SELECTF BY THE EARTH RADII-CPS/GCo
FRFQ. 1 FREQ. 2' OR FRED. 3 PUSHRUTTON FROM GROUP 6. THE COMPUTATIONS
APPEAR ONCE PER SECOND THROUGH THE REMOTE IN-LINE DISPLAYS AT STATIONS 4
AND S. REMOTE SITES MAY NFVFR BE USED EXCEPT IN CONJUNCTION WITH THE
LOCAL SITE.
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IF A REMOTE SITE HAS BEFN nFFINF AND SFLECTFD, THE ADD LOCAL PUSHRUTTON
WILL ENTER THE REMOTE DISPLAYS WITH COMPUTATIONS FOR THE TOTAL PATH
BETWEEN THE LOCAL SITE. THE SATFLLITF OR CELFSTIAL OBJECT. AND THE
REMOTE SITE.

THIS PUSHRUTTON WILL BE CLEARFD UNLESS PROGRAM MOOF OR DIGITAL SLAVE MODE
FROM GROUP I HAS BEEN SELECTED.

F. ADD LOCAL

IF A REMOTE SITE HAS BEEN DFFINED AND SELECTFD THF ADD LOCAL PUJSHRUTTON
WILL ENTER THE REMOTE DISPLAYS WITH COMPUTATIONS FOR THE TOTAL PATH
BETWEEN THE LOCAL SITE, THE SATELLITE OR CELFSTIAL OBJECT, AND THE
REMOTE SITE.

THIS PUSHBUTTON WILL BE CLEARED UNLESS PROGRAM MODE OR DIGITAL SLAVE MOnE
FROM GROUP I HAS BEEN SELECTED.

GROUP 8

A. CLEAR

THE CLEAR PUSHBUTTON WILL CLEAR ANY SELECTION MADE WITHIN THIS GROUP.

R. SET

THE SET PUSHBUTTON AT STATION 4 WILL INITIATF AZIMUTH AND ELEVATION
DISPLAYS FOR A SATELLITE OR CELESTIAL OBJECT DEFINFn BY THE ROUTINE
TRACK AT THE GMT STARTING TIME SPECIFIED BY THE REVERSE CLOCK THUM8WHEFL
SWITCH AT STATION 4. THE SET PUSHRUTTON BY ITSELF WILL PROVIDE ONLY
ONE COMPUTATION POINT. IN AnnITION, THE STAPTING DATE WILL ALWAYS BE
FOR THE PRESENT DAY.

A TIME INCREMENT (OR DECREMENT) MAY BE ENTERFD THROUGH THE REVERSE CLOCK
THUMRWHEEL SWITCH AT STATION 4 AFTER THE SET PUSHBUTTON HAS BEEN
ACTUATED. THE AZIMUTH AND ELEVATION DISPLAYS WILL BE INCREMENTED OR
DECREMENTED ONCE EVERY SECOND BY THE TIME ENTERED ON THE REVERSE CLOCK
THUMBWHFEL SWITCH. DEPENDING ON WHETHER THE INCREASE OR THE DECREASE
PUSHBUTTON HAS BEEN ACTIVATFD.

A SINGLE INCRFMENTED POINT MAY BE DISPLAYFD BY MOMENTARILY ACTUATING
THE INCREASE OR DECREASE PUSHRUTTON WHILE THF HOLD PUSHBUTTON IS
DEPRESSED.

THE STARTING TIME AND THE TIME INCREMFNT (OR DECREMENT) MAY BE CHANGEn
AT ANY TIME DURING QUJICK LOOK BY ENTERING THE NEW TIME ON THE REVERSE
CLOCK THUMBWHEEL SWITCH AND THEN ACTUATING THE APPROPRIATE PUSHBUTTON IN
GROUP B.

THIS PUSHBUTTON WILL FUNCTION ONLY IN CONJUNCTION WITH GROUPS 6 AND 7.
SELECTING GROUPS I THROUUGH 5 WILL CAUSE GROUP 8 TO CLEAR.

C. HOLD

THE HOLD PUSHBUTTON WILL CAUSE QUICK LOOK TO HOLD AT ITS PRESENT
COMPUTATION POINT. AZIMUTH AND ELEVATION COMPUTATIONS MAY BE CONTINUED
AT ANY TIME BY ACTUATING EITHER THE INCREASE OR DECREASE PUSHBUTTONS IN
THE SAME GROUP.
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A SINGLE INCREMENTED POINT MAY BE DISPLAYED BY MOMENTARILY ACTUATING
THE INCREASE OR DECREASE PUSHBUTTON WHILE THF HOLD PUSHBUTTON IS
DEPRESSED.

THIS PUSHBUTTON WILL FUNCTION ONLY IN CONJUNCTION WITH GROUJPS 6 AND 7.
SELECTING GROUPS I THROUGH 5 WILL CAUSE GROUP 8 TO CLEAR.

n. INCREASE

THE INCREASE PUSHBUTTON WILL INCREMENT THE GMT STARTING TIMF ONCE EVERY
SECOND BY THE TIME SPECIFIED ON THE REVERSE CLOCK THUMBWHEEL SWITCH AT
STATION 4q THE AZIMUTH AND FLEVATION OF THF SATELLITE OR CELESTIAL
OBJECT AT THE INCREMENTF TIME WILL APPEAR ON THE IN-LINF DISPLAYS AT
STATIONS 3. 40 AND S.

A SINGLE INCREMENTED POINT MAY BE DISPLAYED RY MOMENTARILY ACTUJATING
THE INCREASE PUSHBUTTON WHILE THE HOLD PUSHBUTTON IS DEPRESSFD.

THE STARTING TIMF AND THE TIME INCREMENT (OQ DECREMENT) MAY BE CHANGFE
AT ANY TIME DURING QUICK LOOK BY ENTERING THF NEW TIME ON THE REVERSF
CLOCK THUMBWHEEL SWITCH AND THEN ACTUATING THE APPROPRIATE PUSHRUTTON IN
GROUP 8.

THIS PUSHBUTTON WILL FUNCTION ONLY IN CONJUNCTION WITH GROUPS 6 AND 7.
SELECTING GROUPS I THROUJGH S WILL CAUSE GROUJP 8 TO CLEAR.

E. DECREASE

THE DECREASE PUSHBUTTON WILL DECREMENT THE GMT STARTING TIME ONCE EVFRY
SECOND BY THE TIME SPECIFIED ON THE REVERSE CLOCK THUJMBWHFIEL SWITCH AT
STATION 4. THE AZIMUTH AND FLEVATION OF THE SATELLITE OR CELESTIAL
nRJECT AT THE DECREMFNTFO TIME WILL APPEAR ON THE IN-LINE DISPLAYS AT
STATIONS 3v 4H AND 5.

A SINGLF DECRFMFNTED POINT MAY BE nISPLAYFO BY MOMENTARILY ACTUATING
THE DECREASE PUSHBUTTON WHILF THE HOLD PUSHBUTTON IS DEPRESSED.

THE STARTING TIMF AND THE TIME DECREMENT (OR INCREMENT) MAY BE CHANGFD
AT ANY TIME DURING QUICK LOOK BY ENTERING THF NEW TIME ON THE REVERSF
CLOCK THUMRWHEEL SWITCH AND THEN ACTuJATING THE APPROPRIATE PUSHBUJTTON IN
GROUP 8.

THIS PUSHBUTTON WILL FUNCTION ONLY IN CONJUNCTION WITH GROUPS 6 AND 7.
SELECTING GROUPS I THROUGH S WILL CAUSE GROUP 8 TO CLEAR.

MISCELLANEOUS PUSHROUTTONS

A. ENABLE RECVR. I

THF ENA4LE RECVR. I PUJSHUTTON SWITCH AT STATION 5 WILL ACTIVATE
RECEIVER NUMBR I. RECEIVER NO. I IS A UHF PECEIVEQR NOMINALLY IN THF
RANGE OF 2 GHZ.

8. FNABLE RECVR. 2

THE ENABLE RECVR. 2 PUSHBUTTON SWITCH AT STATION 5 WILL ACTIVATE
RECEIVER NUJMBER 2. RFCFIVER NO. 2 IS A SHF RFCEIVER, NOMINALLY IN THF
RANGE OF 8 GHZ.
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C. RECEIVER EXT. SELECT

THE RECEIVER EXT. SELECT PUSHBUTTON SWITCH AT STATION 5 WILL ENABLE THE

OPERATOR TO MANUALLY SFLECT RFCEIVER I OR 2 THROUGH THE ENABLE RECEIVER
PUSHRUTTONS AT STATION S OR THROUGH THE APPRnPRIATE CODES.

0. DEFEAT RECVR. I

THE DEFEAT RECVR. I PUSHBUTTON SWITCH AT STATION 5 WILL DISABLE RECEIVER

NO. 1. RECEIVER NO. I IS A UHF RECEIVER, NOMINALLYIN THE RANGF OF 2 GH7.

F. DFFEAT RECVR. 2

THE DEFEAT RFCVR. 2 PUSHRUTTON SWITCH AT STATION S WILL DISABLE RECEIVER
NO. 2. RECEIVER NO. 2 IS A SHF RFCEIVERP NOMINALLYIN THF RANGE OF 8 GHZ.

F. RECEIVER PROG. SELECT

THE RECEIVER PROG. SELECT PUSHBUTTON SWITCH AT STATION S WILL PROGRAM
SELECT RECEIVER I OR 2.

G. ACKNOWLEDGE

THE ACKNOWLEDGE PUSHBUTTON SWITCH AT STATION 5 WILL FLASH WHEN THE
OPERATOR'S ATTENTION IS OESIRF BY THE PROGRAM. IF THE OPERATOR RESPONDS
TO THE ACKNOWLEDGE PUSHBUTTON BY DEPRESSING TTt IT WILL STOP FLASHING.

H. ENTER PROGRAM NUMBER

UPON ACTUATION OF THE ENTER PROGRAM NUMBFR PUISHAUTTON SWITCH AT
STATION 5' THE PROGRAM NlJMBF SELECTED THROUGH THE PROGRAM THUMBWHEEL
SWITCH AT STATION 5 WILL BE FNTERFE INTO THE SOFTWARF PROGRAM. THE
PROGRAM NUMBFR WILL APPFAR THROUGH THE MODE IN-LINE DISPLAY AT
STATIONS 3, 4, AND S.

FACH OF THE THREE OCTAL DIGITS IN THE PROGRAM NUMBER HAS A SPECIAL
INTERPRETATION. FOR THF MOST SIGNIFICANT DIGIT THE INTERPRETATIONS ARE

O AUTO-ACOUISITION, NO PROGRAM RETENTION
I AUTO-ACQUISITIONt PROGRAM RETENTION
2 UNCONDITIONAL ACOUISITION9 NO PROGRAM RETENTION
3 UNCONDITIONAL ACOUISITION, PROGRAM RETENTION
4 PROGRAM CORRECT CONTROL
5 WInE LIMITS, DESIGNATE AZ-EL MODE ONLY
6 HORIZON HOLD
7 SCAN OFFSET CONTROL

FOR THE SECOND OCTAL DIGIT THESE INTERPRETATIONS ARE

O DECIMAL ANTENNA AZ-EL POSITION
I DECIMAL ANTENNA AZ-EL VFLOCITY
2 OCTAL ANTENNA AZ-FL POSITION
3 DECIMAL AZ-EL ERROR
4 OCTAL COMMANn AZ-FL POSITION
5 DECIMAL COMMAND AZ-EL POSITION WITH NO SCANS' NO CORRECTIONS'

AND NO POSITION OR VELOCITY LIMITING
6 nECIMAL COMMAND AZ-FL VELOCITY
7 DECIMAL COMMAND AZ-EL POSITION
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FOR THE LEAST SIGNIFICANT DIGIT THESE ARE

O AZIMUTHS REFRACTIONt AND ELEVATION CAMS
I NO CAMS
2 REFRACTION CAM
3 AZIMUTH CAM
4 ELEVATION CAM
5 AZIMUTH AND REFRACTION CAMS
6 ELEVATION AND REFRACTION CAMS
7 AZIMUTH AND ELEVATION CAMS

SHUT-DOWN PROCEDURES

A. STOP ANY PROGRAMS WHICH MAY BE IN CURRENT USE BY FIRST DEPRESSING THE
START-STEP LEVER SWITCH ON THE COMPUTFR CONSOLE TO THE STEP POSITION.

B. MASTER CLEAR THE COMPUTER BY PUSHING THE MASTER CLEAR LEVER UP.ANn
THEN DOWN. THIS ORDER SHOULD HE MAINTAINED IN ORnEP TO AVOID ANY
POSSIBLE DIFFICULTIES.

C. TURN OFF THE MAGNETIC TAPE UNITS AS FOLLOWS:

(I) DEPRESS THE CLEAR PUSHBUTTON ON THE TAPE UUNIT.
(2) PRESS THE UNLOAD PUSHBUTTON ON THE TAPE UNIT. THE TAPE HFAn

WILL RETRACTt AND THE TAPE WILL REWIND ONTO THE RIGHT HAND REEL.
(3) DEPRESS THE POWER SWITCH ON THE TAPF UNIT. THIS WILL SHUT OFF

THE UNIT.
(4) SLIDE THE GLASS FRONT DOOR DOWN TO ITS LOWEST POSITION.
(5) TURN THE FLUTED PLASTIC KNOB ON THE RIGHT REEL HUB COUNTER-

CLOCKWISE TWO OR THREE TURNS AND REMOVE THE REEL. FASTEN THE
LOOSE END OF THE TAPE WITH THE SPECIAL PEICE OF BLUJE BINDING
FOUND IN THE TAPE CANISTER.

(6) PLACE THE TAPE IN THE CANISTER AND LOCK IT. BE SURE THAT THE
PROPER CANISTER HAS BEEN USED, AND THEN PLACE IT IN THE TAPE
STORAGE BINS.

(7) RAISE THE GLASS FRONT DOOR.
(B) REPEAT STEPS (I) THROUJGH (7) FOR THE REMAINING TAPE UNITS.

0. TURN OFF THE CARD READER WITH THE MOTOR POWER PUSHBUTTON.

F. TURN OFF THE LINE PRINTER MAINTAINING THE FOLLOWING SEQUENCE:

(I) MASTER CLEAR THE PRINTER.
(2) TURN OFF THE PRINTF (MOTOR). KEEP THIS PUSHBUTTON DEPRESSFD

FOR SEVERAL SECONDS TO ALLOW THE PRINTER DRUM TO SLOW DOWN.
(3) TURN OFF THE PRINTER LOGIC.

F. TURN OFF THE INTERFACE EQUIPMENT BY THROWING THE COMPUTER-BYPASS
SWITCH ON THE WALL BESIDE THE LINE PRINTER TO THE OFF POSITION.

G. TURN OFF THE COMPUTER POWER WITH THE RED SWITCH LOCATED ON THE
COMPUTER CONSOLE.

DIAGNOSTICS AND ERROR CODES

DIAGNOSTICS AND ERROR MFSSAGFS ARE PROVIDED BY NACSYS FOR MOST OPERATOR
OR PFRIPHERAL EQUIPMENT INCONGRUITIES. EXPLANATIONS FOR THE DIAGNOSTICS
ARF AS FOLLOWS:

(I) ERROR CODE: XXXX

THE ERROR CODE MESSAGF SIGNIFIES AN ERROR IN THF INPUT INFORMATION.
FOLLOWING THE ERROR CODE MESSAGE IS A FOUR DIGIT CODFD NUMBER
CONTAINING INFORMATION ON THF TYPE OF ERROR ANDY IN THE CASF OF



NRL REPORT 7110

INPUT CARDS OR CARD IMAGES. ITS LOCATION ON THE CARD.

THE 1000 SERIES ERROR CODES ARE ASSOCIATED WITH THE BASIC SYSTEM
LOADER AND INDICATE ERRORS IN BINARY CARDS. RELOCATARLF ROUTINES,
AND OTHER LOADING ERRORS.
THE 2000 SERIES CODES ARE ASSOCIATED WITH NACSYS SYSTEM ERRORS NOT
COVEREn BY THE OTHER ERROR CODE SERIES.
THE 3000 SERIES CODES ARE ASSOCIATED WITH THE MANAGE PROGRAM, THE
NACSYS SYSTEM BUILDER.
THE 4000 SERIES conES ARE ASSOCIATED WITH ERRORS IN THE OPRIT CARDS
OR ORBIT CARD IMAGES.
THE 5000 SERIES CODES ARE ASSOCIATED WITH ERRORS IN THE PLANET CARDS
OR PLANET CARD IMAGES (INCLUDING PLANETS SUN. OR MOON CARns).
THE 6000 SERIES conES ARE ASSOCIATED WITH ERRORS IN THE SITE CARDS
OR SITE CARD IMAGES.

THE ERROR CODES ARE AS FOLLOWS:

1000 LOADER ERROR, NOT A CARD IMAGE
Dool LOADER ERROR, LOCATIONS O-ISB NOT AVAILABLE FOR INPUT
1002 LOADER ERROR. FIRST CARD OF FILE MUST BE IDENTIFICATION CARD
1003 LOADER ERROR. EXCEEDS AVAILABLE MEMORY BOUNDS
1004 LOADER ERROR, IDENTIFICATION CARD OUT OF ORDER
1005 LOADER ERROR, EXIT/ENTRY CARD ILLEGAL

2000 NACSYS ERROR. END OF DIRECTORY. NO SUCH NAME
2001 NACSYS ERROR, INCORRECT ADDRESS OR ILLEGAL AREA
2002 NACSYS ERROR. NO EXECUTION ADDRESS
2no3 NACSYS ERROR, COLUMNS 23-24 INCORRECT
2004 NACSYS ERROR. NOT A LINE IMAGE
2005 NACSYS ERROR. NUMBER PREFIX TO NAME INVALID

3000 MANAGE ERROR, INCORRECT NUMBER FIELD
3001 MANAGE ERROR, INCORRECT ORDER OF PATCH CARDS
3002 MANAGE ERROR, INCORRECT INPUT SPECIFICATION
3003 MANAGE ERROR. RECORD TOO LONG TO COPY IN FULL

4100 OR8T CARD i1 ERROR IN CHECK SUM

4200 ORBT CARD 2. ERROR IN CHECK SUM
4201 ORBT CARD 2, ERROR IN EPOCH
4202 ORBT CARD 2, ERROR IN MEAN ANAMOLY
4203 ORBT CARD 2, ERROR IN RIGHT ASCENSION ASCENDING NODE
4p04 ORBT CARD 2. ERROR IN ARGUMENT OF PERIGEE
4205 ORBT CARD 2f ERROR IN ECCENTRICITY
4206 ORBT CARD 2. ERROR IN INCLINATION

4300 ORBT CARD 39 ERROR IN CHECK SUM
4301 ORBT CARD 39 ERROR IN MEAN MOTION
4302 ORBT CARD 39 ERROR IN FIRST TIME nERIV. OF MEAN MOTION
4303 ORBT CARD 3. ERROR IN FIRST TIME nERIV. OF R.A. ASCENDING NODE
4304 ORBT CARD 3. ERROR IN FIRST TIME nERIV. OF ARGUMENT OF PERIGEE
4305 ORBT CARD 3. ERROR IN FIRST TIME nERIV. OF ECCENTRICITY
4306 ORBT CARO 3t ERROR IN FIRST TIME nERIV. OF INCLINATION

4400 ORBT CARD 4, ERROR IN CHECK SUM
4401 ORBT CARD 4, ERROR IN SECOND TIME DERIV. OF MEAN MOTION
4402 ORBT CARD 4. ERROR IN THIRD TIME nERIV. OF MEAN MOTION
4403 ORBT CARD 4, ERROR IN SECOND TIME DERIV. R.A. ASCENDING NODE
4404 ORBT CARD 4. ERROR IN SECOND TIME DERIV. ARGUMENT OF PERIGEE
4405 ORBT CARD 4, ERROR IN SECOND TIME DERIV. OF ECCENTRICITY

4500 ORBT CARD 5 ERROR IN CHECK SUM
4501 ORBT CARD St ERROR IN SEMI-MAJOR AXIS
4502 ORBT CARD 5, ERROR IN FIRST TIME nERIV. OF SEMI-MAJOR AXIS
4503 ORBT CARD St ERROR IN SECOND TIME DERIV. OF SEMI-MAJOR-AXIS

47



BASS AND TOWNSEND

5100 MOON CARD, NO CHECK SUM
51D MOON CARD, ERROR IN RIGHT ASCENSION
S102 MOON CARD, ERROR IN DECLINATION
5103 MOON CAROt ERROR IN HORIZONTAL PARALLAX

5200 PLNT OR SOLR CARD, NO CHECK SUM
5201 PLNT OR SOLR CARD, ERROR IN RIGHT ASCENSION
5202 PLNT OR SOLR CARnD ERROR IN DECLINATION
5203 PLNT OR SOLP CARD, ERROR IN TRUE nISTANCE

5300 STAR CARD, NO CHFCK SUM
5301 STAR CARD, ERROR IN CATALOG NUMBER
5302 STAR CARD, ERROR IN YEAR
5303 STAR CARD, ERROR IN COLUMN 30 (MUST BE AN 0 OR AN R)
5304 STAR CARD, ERROR IN RIGHT ASCENSION
5305 STAR CARD, ERROR IN DECLINATION
5306 STAR CARD, ERROR IN B. A. COMPONENT OF PROPER MOTION
53n7 STAR CARDt ERROR IN DECLINATION COMPONENT OF PROPER MOTION

6000 SITE CARD, ERROR IN CHECK SUM
6no2 SITE CARD, ERROR IN HEIGHT ABOVE MEAN SEA LEVEL
6003 SITE CARD, ERROR IN LATITUDE
6004 SITE CAROD ERROR IN LONGITUDE

(2) ILLEGAL

ILLEGAL IS AN ERROR MESSAGE SIGNIFYING AN INCORRECT RESPONSE ON THE
PART OF THE OPERATOR- INCORRECT RESPONSES INCLUDE BOTH ILLEGAL
CHARACTERS AND ILLFGAL WORDS.

(3) UNDFFINED

AN UNnEFINED DIAGNOSTIC RESULTS WHEN A DATA SOURCE WHICH HAS NOT
BEEN PREVIOUSLY DEFINED IS CALLED UPON BY THE PROGRAM.

(4) IN AUTO-TRACK MODE

THE DIAGNOSTICt IN AUTO-TRACK MODE' OCCURS WHEN THE PROGRAM IS IN
AUTOMATIC TRACKING MODE AND A REQUEST FOR TRACK IS MADE BEFORE
THE AUTOMATIC TRACKING MODE HAS BEEN REMOVEn.

(5) OBJECT SELECTED BY TRACK. ANOTHER CHOICE?

THIS DIAGNOSTIC OCCURS IF A DATA SOURCE OTHER THAN SITF IS BEING
PROCESSED BY TRACK WHEN IT IS REQUESTED BY SOME OTHER ROUTINE.
UPON RETURNING THIS MESSAGE' CONTROL WILL AGAIN BE TRANSFERRED TO
THE REQUEST FOR DESTINATION.

(6) A (ALSO B OR C) IS REING PROCESSED, USE ANOTHER LOCATION

THIS DIAGNOSTIC OCCURS IF A SITE IS BEING PROCESSED BY TRACK WHEN
IT IS REQUESTED BY SOME OTHER ROUTINE. UPON RETURNING THIS MESSAGE,
CONTROL WILL AGAIN BE TRANSFERRFD TO THE REQUEST FOR DESTINATION.

(7) IMPRACTICAL DATA

THIS DIAGNOSTIC OCCURS IN THE ROUTINE PFFR;. AN IMPRACTICAL DATA
MESSAGE IS RETURNED IF THE TEMPERATURE, PRESSURES RELATLVE HUJMIDITYt
OR N(S) IS OUTSIDE THE PERMITTED LIMITS. AN IMPRACTICAL
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TEMPERATURE, PRESSUREP OR RELATIVE HUMIDITY WILL RETURN COMMAND TO
THOSE PARAMFTERqS RESPFCTIVELY; BUT AN IMPRACTICAL N(S) WILL RETURN
CONTROL TO METHOD (AP B4 C).

(8) CARD REAnER DIAGNOSTICS

THESE DIAGNOSTICS ARE SFLF EXPLANATORY AND INCLUDE THE FnLLOWING:

HOPPER EMPTYP RELOAn READY? (Y OR EXIT):
FEED FAILURF RESTACK READY? (Y OR EXIT):
PROGRAM ERROR, RELOAD CARD READY? (Y 0 EXIT):
AMP. FAILURE, RELOAn CARD READY? (Y OR EXIT):
CARD READER OFFS WAITING
STACKER FULLS WAITING

(9) LINE PRINTER DIAGNOSTICS

THESE DIAGNOSTICS ARE SELF EXPLANATORY AND INCLUDE THE FOLLOWING:

PRINTER OFFLINE, READY? (Y OR EXIT)
PRINTER OUT OF PAPER' READY? (Y OR EXIT)
PRINTER DRUM STATIONARYt READY? (Y OR EXIT)

(10) **END OF FILE**

THIS DIAGNOSTIC OCCURS WHEN A DATA SOURCE IS REQUESTED WHICH IS NOT
ON TAPE. THE ROUTINE WILL SEARCH THE TAPE UINTIL IT COMES TO THE
DATA SOURCE REQUESTED. IF THE DATA SOURCE IS NOT ON TAPE, THE
ROUTINE WILL SEARCH UNTIL IT ENCOUNTERS A DOUBLE END OF FILE MARK
INDICATING THE END THE INFORMATION ON THAT TAPE.

(11) FIELD TOO LARGE

NO NUMBER GREATER THAN TWENTY CHARACTERS (INCLUDING SIGNS, DECIMAL
POINTS DIGITSt AND CHARACTER FOR SEPARATING THE E-FIELD) WILL BE
ACCEPTED.

(12) E FIELD TOO LARGE

THE E-FIELD (INITIATED BY TYPING E OR EX) CANNOT BE LONGER THAN
THREE DECIMAL DIGITS.

(13) INSUFFICIENT DATA

THIS DIAGNOSTIC OCCURS WHEN INSUFFICIENT DATA IS AVAILABLE FOR
A DATA SOURCE OVER THE TIME PERIOD REQUESTED BY THE OPERATOR.

(14) **END OF DAY FILE**

THIS DIAGNOSTIC RESULTS WHEN INSUFFICIENT DATA IS AVAILABLE FOR
A DATA SOURCE OVER THE TIME PERIOD REQUESTED BY THE OPERATOR.

(IS) **DATE FILE BAD**

THIS DIAGNOSTIC INnICATES A PARITY ERROR OR A RECORD OF ILLEGAL
LENGTH.

(16) OBJECT SELECTED BY TRACK, USE ANOTHER LOCATION

SEE EXPLANATION FOR DIAGNOSTIC (5).
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CONCLUSION

In designing the digital control system for the Waldorf antenna, operator-oriented
software programming was emphasized wherever possible instead of hardware equipment
because of the ready adaptability of the software. The result has been a significant in-
crease in the overall flexibility of the system from the standpoint of available options as
well as the operator's ability to define his requirements.
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Appendix

DATA CARD FORMATS

ALL OF THE FIELD COLUIMNS ANn THE CHECK SUM COLUMN ARF REOUIPED. THE
DIGIT CHECK SUM IS THE RESULT OF ADDING MODULO ID ALL NUMBERS INCLUDING
PLUS AND MINUS SIGNS. WHERE + t 2 AND - = I. OTHER CHARACTERS ARE
IGNORED, BUT ALL COLUMNS PRIOR TO THE SUM CHECK COLUMN MlUST BE INCLunFD.

A. SITE CARDS

THE CARDS CONTAINING DATA FOR THE ROUJTINE SITE ARE FORMATED AS SHOWN
BELOW. THE FIELnS WHICH ARF CHECKED FOR INPUT ERRORS ARE OEFINED AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 06-08
FIELD 2 CONTAINS COLUMNS 42-46
FIELD 3 CONTAINS COLUMNS 48-5f
FIELD 4 CONTAINS COLUMNS 58-67
COLUMN 69 CONTAINS THE DIGIT CHECK SUM

CARD I COLUMN I TY' { DATA
COLUMN I CHARACTERS I C('J. I-z.NFO IN
NUMBER I (X=nIGIT) I TH;V COLIUMN

…__ _ _ _ _I _ _ _ _ _ _ _ _ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - --- - - - - - - - - - - - - - - - - - - - - -
I I MESSAGE PRINTOUT FOR THE HEAOING

Ol-n4 I S I T E I THESE CHARACTERS REQUIREn SINCE A CHARACTFE
I I SEARCH IS PERFORHMEr) THEM.

_ _ _ _ _ _ _I _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -… _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
OS I BLANK I

_ _ _ _ _ _ _I- - - - - - - - - - - -I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
06-08 I XXX I SITE NUMBERt 001 THROUGH 999

_ _ _ _ _ _ _I- - - - - - - - - - - -I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
09 I BLANK I

_______I------------I…___________________________________________________
I I SITE LOCATION; E. G.7 WALOPRr7 MARYLAND AND

10-39 1 ALPHABETIC I OTHER INFORMATION (CLASSIFICATION, FTC.) IF
I I DESIRED.

_ _ _ _ _ _ _I _ _ _ _ _ _ _ _ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
40 1 BLANK I

_ _ _ _ _ _ _I_ _ _ _ _ _ _ _ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
41-46 I SXXXXX I HEIGHT AOVF MEAN SEA LEVEL IN FFFT

I I THE SIGN IS EITHER + nR - OR PLANK
_ _ _ _ _ _ _I _ _ _ _ _ _ _ _ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

47 1 BLANK

I I LATITUJnE' DFGPEES-MIN'uTES-SFC0NOS
4g I SIGN I N OR + OR BLANK FOR LATITUnF NORTH

I I S OR - FOR LATITT~JE SOUTH
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

49-50 I XX I INTEGER OEGREES
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

51-S2 I XX I INTEGER MINIUTES OF ARC
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

53-54 I XX I INTEGER SECONDS OF ARC
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

55-s6 I XX I FRACTIONAL SECONDS OF ARC
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X=sIGIT) I THE COLLIMN

_ _ _ _ _ _ _I- - - - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
57 1 BLANK I

_ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
I I LONGITUDE, DEGREES-MINI)TES-SECONDS

58 I SIGN I W OR + OR BLANK FOR LONGITUDE WEST
I I F OR - FOR LONGITUDE EAST
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

59-f1 I XXX I INTEGER DEGREES

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
62-63 I XX I INTEGER MINUTES OF ARC

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
64-65 I XX I INTEGER SECONDS OF ARC

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
66-67 I XX I F9ACTIONAL SECONDS OF ARC

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -
68 1 BLANK I

- - - - - I- - -- - - -- - ---… I…---- - - -- - - -- - - - -- -- - - - - - -- - - - -- - -- -- - -- -- - -- - -- - - - -
69 I CHECK SUM I

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
70-80 I SPACES I UJNUSFn SPACES

B-l. SATELLITE CARD I

THE CARDS CONTAINING DATA FOR THE ORBIT ROUTINE ARE FORMATFn AS SHOWN
RELOW. THE FIELDS WHICH ARE CHECKED FOR INPiuT ERROPS ARE DEFINED AS
FOLLOWS:

COLUMN 69 CONTAINS THE MOnULO lD CHECK SUM
NO OTHER FIELDS ARE CHFCKED FOR INPUT ERRORS ON THE FIRST CARD.

CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBFR I (X=DlGIT) I THE COLUIMN

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
01 I X I LINE NUMBER (I)

- - - - - - - I- - - - - - - - - - - -_I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -__ _ _ _ _ _ _ _ _ _ _ _ _ _ _
02 I BLANK I

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03-07 I XXXXX I SATELLITE CATALOG NUMBFR

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
08 I RLANK I

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Oq I X I CLASSIFICATION

- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ID I BLANK I

_ _ _ _ _ _ _I- - - - - - - - - - - -I…I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
11 I X I SOURCE OF ELEMENTS (BLANK IF SPACFTRACK OR 9

I I IF SPASUR
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

12-15 I XXX I FLEMENT SET NUIMPEP
____I - - -_ ___________I _ _________I…______________________________________

16 I BLANK I
- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
11-18 I XX I INTERNATIONAL N&ME, LAST TWO DIGITS OF THE YEAR

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
lq-?O I SPACE I BLANK SPACES

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
21-23 I XXX I IDENTIFYING NIIMRFR OR GREEK LETTER NAME

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
24 I SPACE I BLANK SPACE

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
25-27 I XXX I PIFCE NUMRFP OR ALPHARETIC PlFCE DESCRIPTION
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTFRS I CONTAINrD IN
NUMBER I (X=OIGIT) I THE COLUMN

------- I… … I…---------- ____________________________________________________
28 I BLANK I

____I - - -I_ _ _ ____… I----------------------------------------------------
29-30 I XX I FPHEMERIS TYPE (NUMERIC CODE)

_ _ _ _ _ _ _ I- - - - - - - - - - - - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ __…_ _
31 I X I nIFFERFNTIAL CORRFCTInN (NUMPERIC CODE)

3? I X I ATMOSPHERE (NUMERIC CnOE)
_ _ _ _ _ _ _ I- - - - - - - - - - - - I- - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __…_ _ _ _ _ _ _

33 1 BLANK I
- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -

34 I X I ACCURACY (NUMERIC ConF)
- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

35 1 BLANK I
-- -- - I- -- -- - -- -- --… I…---- - - - --- - - - - - -- - --- - - - -- - - -- -- - - - -- - - -- - -- - - - -- --
36-39 I XX.X I ESTIMATED ELEMENT LIFF FROM EPOCH (UP TO

I I 99.9 DAYS) WITHIN SPFCIFIEn ACCURACY
_______ I……I…------- ----------------------------------------------------

4n I BLANK I
_ _ _ _ _ _ _I- - -- - - - -- - --…- - - --- -- -- - -- - -- -- - - -- - -- -- -- - - - - - --…- - - -- - -- - - - -- - -
41-46 I XXXXXX I INTEGRAL REVOLUTIONS FROM LAUNCH AT EPOCH, N(O)

I I FIRST REVOLUJTION COMMFNCFS AT FIRST ASCENDING NODE
_______I------------……I…-------------------------------------------------

47 I BLANK I
- - - - - - - I- - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __I…_ _ _ _ _ _ _ _ _ _ _ _ _ _

48 I X I DATE OF EPOCH, LAST niGIT OF CALENDAR YEAR
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

49-51 I XXX I DAY OF THE YEAR
- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

52 I BLANK I
_ _ _ _ _ _ _I- - - - - - - - - - - -I…I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
53-57 I XXXXX I BALLISTIC COEFFICIENTt METFRS SQUARED PER KILOGRAM

I I DECIMAL FRACTION COEFFICIENT

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
58 I SIGN I SIGN OF THE EXPONENTs EITHER + OR - DR BLANK

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
59 I X I EXPONENT OF TEN

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
60 I BLANK I

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
61-65 I XXXXX I REFLECTIVITY FACTnRt METERS SOUARED PER KILOGRAM

II DECIMAL FRACTION COEFFICIENT
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

66 I SIGN I SIGN OF THE EXPONENT, EITHER + DR - OR PLANK
I I…-- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

67 I X I FXPONENT OF TEN
_ _ _ _ _ _ _I- - -- -- -- -- --…- -- - - - -- - - - -- - - -- - - - -- - - --- - -- -- -- --…- --- - - -- - -- -- - -

68 1 BLANK I
- - - - - - - I- - - - - - - - - -I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

69 I CHECK SUM I
- -- - -- - I- - - -- - -- -I …… _I…-- - - - --- - - -- - --- - --- ----- - --- - -_____________ _ _
70-80 I SPACES I UNUSFn SPACES
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R-2. SATELLITE CARD 2

THE CARDS CONTAINING nATA FOR THE ORBIT ROUTINE ARF FORMATFD AS SHOWN
RELOW. THE FIELDS WHICH APF CHECKFD FOR INPUT EPR0PS ARE nDFINF AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 09-??
FIFLD 2 CONTAINS COLUIMN- 24-31
FIELD 3 CONTAINS COLUMNS 33-40
FIFLD 4 CONTAINS COLIUMN5 42-49
FIELD 5 CONTAINS COLI- : 51-S8
FIELD 6 CONTAINS CCL TNS 60-67
COLUMN 69 CONTAINS MODULO ID CHECK SLIM

CARD I COLUMN I TYPE OF OATA
COLUMN I CHARACTERS I CONTAINFE IN
NUMBER I (X=nIGIT) I THE COLUMN

…__ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Of I X I LINE NUMBER (2)

…_ _ _ _ __I- --------- …- I- ---------------------------------------------------
02 I BLANK I

__--_ I- - - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03-07 I XXXXX I SATELLITE CATALOG NUMBER
-…… I _ _ _ _ I----------------------------------------------------

08 I BLANK I
…I … … …__ - - - -- -- - -- --_ I…-- -- - -- - - -- - - -- - - - -- -- - -- - - -- - --- - -- - - - -- - - -- - - - -- -

09-22 IXXXXX.XXXXXXI FPOCH, Tv MODIFIEn JULIAN DAYS (JUlLIAN nAY
I I MINUS 29400O000.5)
…__ _ _ __I------------_I…-----------------------------________

23 I BLANK I
…I… … …I- …------------ f…___________________________________________________

24-31 I XXX.XXXX I MEAN ANOMALY, MP DEGREES
…_ _ _ _ __I- --------- …- I- ---------------------------------------------------

32 I BLANK I
…-- - - - - I- - - - - - - - - -…- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

33-40 I XXX.XXXX I RIGHT ASCENSION OF THE ASCENDING NOnFD DEGREES
…_ _ _ _ __I- --------- …- - ---------------------------------------------------

441 I BLANK I
…_ _ _ _ __I- --------- …- I- ---------------------------------------------------

42-49 I XXX.XXXX I ARGUMENT OF PERIGEE, DEGREES
…-- - -- - I … … …-… I- -- - - - - - - - - - -- - - -- -- - - - - - - - - - -- -- - - - - -- -- - - - -- - - -- - -

so I BLANK I
…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5I-58 I XXXXXXX I FCCENTRICITY* Et (DIMFNSIONLESS)
…I … ……__ §- - - - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

59 I BLANK I
…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

60-67 I XXX.XXXX I INCLINATION, It DEGREES
…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

68 I BLANK I
…__ _ _ _ _I- - - - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

69 I CHECK SUM I
…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

70-80 I SPACES I UJNUSFD SPACES
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8-3. SATELLITE CARD 3

THE CAPOS CONTAINING DATA FOR THE ORBIT ROUTINE ARE FORMATEO AS SHOWN
BELOW. THE FIELDS WHICH ARF CHECKED FOR INPU1T ERRORS ARE DEFINED AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 09-19
FIELD 2 CONTAINS COLUMNS 21-31
FIELD 3 CONTAINS COLUMNS 33-40
FIELD 4 CONTAINS COLUMNS 42-49
FIELD 5 CONTAINS COLUMNS 51-5R
FIELD 6 CONTAINS COLUMNS 60-f7
COLUMN 69 CONTAINS THE MODULDO I0 CHECK SUM

CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINFD IN
NUMBER I (X=DIGIT) I THE COLUMN

… _ __ _ __I- --------- …- I- ---------------------------------------------------
01 I X I LINE NUMBER (3)

…__ _ _ _ _I- - - - - - - - - - --…- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --…- - - - - - - - - - - -
02 I BLANK I

…-- - - - - I- - - - - - - - - -…- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03-07 I XXXXX I SATELLITE CATALOG NUMBER

…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
08 I BLANK I

… _ __ _ __I- --------- …- I- ---------------------------------------------------
09-19 IXX.XXXXXXXX I MEAN MOTION, Ng REVOlU!TIONS/DAY

…__ _ _ _ _I- - - - - - - - - - --…- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --…- - - - - - - - - - - -
20 I BLANK I

…I … … … I…|----- ------- - -- --------------- ----------- -----------------------
I I (1/2)*FIRST TIME DERIVATIVE OF MEAN MOTION,

21-31 IS*XXXXXXXXX I RFVOLUJTIONS/DAY4*2
I THE SIGN IS EITHER + OR - OR BLANK

…I … … …- - - - - - - - - - - - - --I…--------
32 I BLANK I

…_____ I- - -- - -- - - - --…… … I…-- -- -- -- - - --- - -- - - -- - - - - --- -- -- - -- -- - -- --- - -- - --
I I FIPST TIME DERIVATIVE OF RIGHT ASCENSION

33-40 I SX.XXXXX I ASCENDING NODE, DEGREFS/DAY
I I THE SIGN IS EITHER + DR - OP PLANK
…_____I------------…I…---------------------------------------------------

41 I BLANK I…______I----------…- I----------------------------------------------------
I I FIRST TIME DERIVATIVE OF ARGUMENT OF PERIGEEP

42-49 I SX.XXXXX I DEGREES/DAY
I I THE SIGN IS EITHER + DR - OR BLANK
…__ _ _ _ I- - -- - - - -- - --…… …- - - - - -- -- - - -- - -- -- - -- - - -- - -- -- - -- - - --…- - - - - - -- - - - -

50 J BLANK I
…I… … …I- …_______ ____________________________________________

5 l SIGN I FIRST TIME DERIVATIVE OF ECCFNTRICITYt I/DAY
I I SIGN OF THE COEFFICIENT' EITHER + OR - OR BLANK

I I…__ _ _ _ _ _ __-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S2-56 I XXXXX I DECIMAL FRACTION COEFFICIENT

I I…__ _ _ _ _ _ __-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
57 I SIGN I SIGN OF THE EXPONENT, EITHER + OR - OR BLANK

I I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
58 I X I EXPONENT OF TEN

…___ ___I- --- - - - -- - --…- -- - -- -- - -- -- - - -- -- - - - - -- -- -- -- - -- - - - --…- - - -- - - - -- --
S9 I BLANK I
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X-DIGIT) I THE COLUJMN…-- - - I- - - - - - - - - - --…I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

60 I SIGN I FIRST TIME DERIVATIVE OF INCLINATIONt DEGREES/DAY
I SIGN OF THE COEFFICIFNTt EITHFR + OR - OR BLANK

I I…____________________________________________________
6i-65 I XXXXX I DECIMAL FRACTION COEFFICIENT

I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -- - -
6f; I SIGN I SIGN OF THE EXPONENTt EITHER + OR - OR BLANK

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
67 I X I EXPONENT OF TEN

- - - - I- - - - - - - - - - --… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- --
68 I BLANK I

- - - - - - I- - - - - - - - - - - -f- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
69 I CHECK SUM I

- - - - - - - I- - - - - - - - - - --… I- - - ---- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
70-80 I SPACES I UNUSED SPACES

B-£4. SATELLITE CARD 4

THE CARDS CONTAINING DATA FOR THE ORBIT ROUTINE ARE FORMATFn AS SHOWN
BELOW. THE FIELDS WHICH ARE CHFCKED FOR INPUIT ERRORS ARE DEFINED AS
FOLLOWS:

FIELD I CONTAINS COLIJMNS 09-19
FIELD 2 CONTAINS COLUMNS 20-32
FIELD 3 CONTAINS COLUMNS 33-40
FIELD 4 CONTAINS COLUMNS 42-49
FIELD 5 CONTAINS COLIIMNS 51-S8
COLUMN 69 CONTAINS THE MODULO ID CHECK SUM

CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINFD IN
NUMBER I (X=DIGIT) I THE COLUIMN…-- - - I- - - - - - - - - - --…I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Of I X I LINE NUMBER (4)
- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

02 I BLANK I
- -- - -- - I ……-… I- - - - - - -- - -- - - - - - - - -- -- - - - -- -- - - -- - - -- - - - -- - - - - - - - - - -
03-07 I XXXXX I SATELLITE CATALOG NUJMPER

_ _ _ _ _ _ _I- - - - - - - - - - --…- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --…- - - - - - - - - - - - - - -
08 J BLANK J

_______ I ……-… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I JI (1 /6)*SECOND TImE DERIVATIVE OF MEAN MOTIONP

09 I SIGN I REVOLUTIONS PER DAY CIIRED
I I SIGN OF THE COEFFICIENT. EITHF + OR - OR BLANK

I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10-17 I XXXXXXXX I DECIMAL FRACTION COEFFICIENT

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IB I SIGN I SIGN OF THE EXPONFNT, FITHER + OR - OR BLANK

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
19 I X I EXPONENT OF TEN

- - - - - - - I ……-… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
20 I BLANK I

_______ I ……-… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I (1/24 )'THIRn TIME DERIVATIVE OF MEAN MOTION9

21 I SIGN I RFVOLUTIONS/DAY**4
I I SIGN OF THF COEFFICIENTP FITHFR + on - OR BLANK

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
22-29 I XXXXXXXX I DECIMAL FRACTION COEFFICIENT

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
30 I SIGN I SIGN OF THE EXPONFNT, EITHER + OR - OR BLANK

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - -
31 I X I EXPONENT OF TEN
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X=nIGIT) I THE COLUMN

- --- - I- -- - - - -- -- --… I…--- - - -- - - - - - - - -- - - - -- - - -- - -- - - -- -- - -- - - -- - -- - - - - -- -
32 1 BLANK I

I (1/2)*SECOND TIME DERIVATIVE OF RIGHT ASCENSION
33 I SIGN I ASCENDING NODE, DEGREFS/DAY**2

I I SIGN OF THE COFFFICIENT, EITHER + OQ - OR BLANK
I I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

34-38 I XXXX I DECIMAL FRACTION COEFFICIENT
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

39 I SIGN I SIGN OF THE EXPONFNT, EITHER P OR - OR BLANK
… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

40 I X I EXPONENT OF TEN
- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

41 I BLANK I
_ _ _ _ _ _ _I ……-- - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I (1/2)*SECOND TIME DERIVATIVE OF ARGUMENT OF
42 I SIGN I PERIGEE, DEGREES/DAYo*2

I SIGN OF THE COEFFICIENT, EITHER + OR - OR BLANK
I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

43-47 I XXXX I DECIMAL FRACTION COEFFICIENT
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

48 I SIGN I SIGN OF THE EXPONENT, EITHER + DR - OR BLANK
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

49 I X I EXPONENT OF TEN
- - - - - - I- - - - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
50-59 J BLANK I

- - - - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
60-67 J SPACES I UNUSED SPACES

------- I---------…-- _ I__________________________________________________
68 I BLANK I

------- I---------…-- _ I__________________________________________________
69 I CHECK SUM I

- - - - - - I- - - - - - - - -…- - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
70-80 J SPACES I UNUSED SPACES

B-s. SATELLITE CARD 5

THE CARDS CONTAINING DATA FOR THE ORBIT ROUTINE ARE FORMATEn AS SHOWN
BELOW. THE FIELDS WHICH ARE CHECKED FOR INPI.IT ERRORS ARE DEFINED AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 09-19
FIELD 2 CONTAINS COLUJMNS 21-30
FIELD 3 CONTAINS COLUMNS 32-40
COLUMN 69 CONTAINS THE MODULO 10 CHECK SUM

CARD I COLUJMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X=DIGIT) I THE COLUMN

…-- - - I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
OJ I X I LINE NUMBER (5)

… _ __ _ __I- --------- …- I- ---------------------------------------------------
02 I BLANK I

… _ __ _ __I- --------- …- I- ---------------------------------------------------
03-07 I XXXXX I SATELLITE CATALOG NUMRER

… _ __ _ __I- --------- …- I- ---------------------------------------------------
08 I BLANK I

… _ __ _ __I- --------- …- I- ---------------------------------------------------
09-19 IXX.XXXXXXXX I SEMI-MAJOR AXISt A. MEAN EDUJATORIAL EARTH RAnTI
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X=DIGIT) I THE COLUIMN…-- - - - I…-- - - - - - -- - - I…-- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -

20 1 BLANK I
_______ __________…_ I----------------------------------------------------

I FIRST TIME DERIVATIVF OF SEMI-MAJOR AXIS,
21 I SIGN I EARTH RADII/DAY

*I I SIGN OF THE COFFFICIENT, EITHFR + OR - OR BLANK
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

22-28 I XXXXXXX I DECIMAL FRACTION COEFFICIENT
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

29 I SIGN I SIGN OF THE EXPONENT, EITHER + OR - O BLANK
… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

30 I X I FXPONFNT OF TEN
_ _ _ _ _ _ _I- - - - - - - - - - - -I…I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

31 I BLANK I
_ _ _ _ _ _ I- - - - - - - - - - --… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I I (1/2)*SECOND TIME DEPiVATIVF OF SFMI-MAJOR AXISP
32 I SIGN I FARTH RADII/DAY**2

I I SIGN OF THE COEFFICIF!T, EITHFR + OP - OR BOTH
I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

33-39 I XXXXXX I DECIMAL FRACTION COEFFICIENT
… I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

40 I SIGN I SIGN OF THE EXPONENT, EITHER + OR - OR ROTH
… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

41 I X I EXPONFNT OF TEN
- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

42 I BLANK I
_ _ _ _ _ _ _ I- - - - - - - - - -I …… -… I_ _ _ _ _ __- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

43 I CHECK SUM I
_ _ I ……__f- - - -- - - -- - - -I…I- - - - - - - - - - - -- - - - -- - - - - - - -- - -- - - - - -- - - - - -- - - - - -- - - -
44-80 I SPACES I UINUSEn SPACES

C. MOON CARDS

THE CARDS CONTAINING DATA FOP THE ROUTINE MonN ARE FCRMATFn AS SHOWN
BELOW. THE FIELDS WHICH ARF CHFCKED FOR INPUT ERRORS AQF rFFiNFn AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 13-72
FIELD 2 CONTAINS COLUJMNS 28-36
FIELD 3 CONTAINS COLUMNS 44-5s
THFRE IS NO CHECK SUM FOR THIS CARD.

CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTFRS I CCNTAINPD IN
NUMBER I (X=DIGIT) I THE COLIIMN

… _ _ ____I…-- ----- …--- …I- ----- --- --------- ---------------- ---------------- -
ol-n4 I BLANK I

… _ _ ____I…-- ----- …--- …I- ----------------- -------- ---------------- -- ------ -
05-06 I XX I OATEv YEAR-MONTH-DAY-HOUR

I I YEAR
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

07-08 I XX I MONTH
… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

oD-Dl I XX I nAY
… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

11-12 I XX I HOIJR
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CARD I COLUMN I TYPE OF nATA
COLUJMN I CHARACTFRS I CONTAINF IN
NUMBER I (X=DIGIT) I THE COLIUMN
______I ……-- - - - - -…- - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
13-14 I XX I RIGHT ASCENSIONP HoDUS-MINUTFs-sEcoNnsD

I I HOUIRS
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

15-16 I XX I MINIJTES
I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

17-18 I XX I INTEGER SECONDS
I I.-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

19-21 I XXX I FRACTIONAL SECONns
____I - - -_ ___________I _ _________I.______________________________________

22-24 f XXX I FIRST DIFFERENCE OF RIGHT ASCFNSION, SECONDS/HOUR
I I INTEGER SFCONnS/HOlUR
I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2S-27 I XXX I FRACTIONAL SECONDs/HOUlP
------- ____________I _ ____________I--- --- --- --- --- --- -___________________

2B I SIGN I DECLINATION, DEGREES-MINUTES-SECONDS
I I THE SIGN IS AN 8 FOR A PLUS ANn AN X FOR A MINUS.

I I - - - - - - - - - - - - - - - - - - - - -_ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - -
29-30 I XX I INTEGER DEGREES

I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
31-32 I XX I INTEGER MINUTES OF ARC

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
33-34 I XX I INTEGER SECONDS OF ARC

I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
35-36 I XX I FRACTIONAL SECONDS OF ARC

_ _ _ _ _ _ _I- - - - - - - - - - - - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
37 I SIGN I FIRST DIFFERENCE OF DFCLINATION, SFCONnS/HOUR

I i THE SIGN IS AN 8 FOR A PLUS ANn AN X FOR A MINUJS.
I |_ _ _ _ _ _ _ _ _ __I.-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

38-41 I XXXX I INTEGER SECONns/HOLIR
I I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

42-43 I XX I FRACTIONAL SECONOS/HOUR
_ _ _ _ _ _ _I- - - - - - - - - - - -I…I- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -
44-45 I XX I HORIZONTAL PARALLAX, MINUTES-SECONDS

I I INTEGER MINUTES OF ARC
I I- - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

46-47 I XX I INTEGFR SECONDS OF ARC
I I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-- - - - - - - - - - - - - - - - - - - - - - -

48-50 I XXX I FRACTIONAL SECONDS OF ARC

____- - - -_ ___ ___ I- ---------------------------------------------------
Si I SIGN I FIRST DIFF. OF HORIZONTAL PARALLAX, SECONns/HOUR

I I THE SIGN IS AN 8 FOR A PLIJS AND AN X FOR A MINUJS.
I |_ _ _ _ __I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

52 I X I INTEGER SECONDS/HOUR
I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

53-S5 I XXX I FRACTIONAL SECONDS/HOIJR
____- - - -_ ___ ___ I- ---------------------------------------------------

56-64 1 1960 ONLY I DECLINATION FOR 1960 ONLY
I ……- - I - - - - - - - - - - - - --I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

65-80 I BLANK I I.JNUSFn SPACES
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n. PLANET CARDS

THF CARDS CONTAINING DATA FOP THE POUiTINF PLANET ARF FOPMATFn AS SHOpN
BFLOw. THE FIELnS WHICH APF CHECKED FOR INP 1T EQROQS ARF DFFINF AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 11-19
FIFLD 2 CONTAINS COLUMNS 27-35
FIELD 3 CONTAINS COLULMNS SI-58

CARO I COLUMN I TYPF OF DATA
COLUMN I CHARACTERS I CDNTAINFD IN
NUMBER I (X=DIGIT) I THF COLUMN

01-02 I XX I MONTH
I JAN.-DEC., 01-12

__- - - I-I…… I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03-04 I BLANK I

- - - - - - - I- - - - - - - - - - - -_ I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - -_ _ _ _ _ _ _ _
05 I X I PLANET NUMBER

I I THROUGH 9
_______ I ……-… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

06-07 1

ou8 I

09- I 0 I
- - - - I …- - -
11-12 I

13-14 I

15-f6 I

17-19 I X

2n SI
20 I S

21 -23 I

24-26 I
x

X

- - - - - I …- -
27 I S

28-?9 I

30-31 I

32-33 I

34-35 I

xx I nATEF YEAR-MONTH-DAY
I YEAR
I…---------------------------------------------------

X I MONTH
I JAN.-SEPT., I-q; OCT., o; NOV., X; DEC. Y

XX I nAY

xx I RIGHT ASCENSION' HOURS-MINUTFS-SECONDS
I HOURS
I----------------------------------------------------_

xx I MINUTES

XX I INTEGER SECONDS
I…---------------------------------------------------

XX I FRACTIONAL SECONDS
I COLUMN 19 IS BLANK FOP MERCURYt VENUS9 AND MARS.

IGN I FIRST DIFFERENCE RIGHT ASCENSION, SFCONOS/DAY
I THE SIGN IS AN 8 FOR A PLUS ANn AN X FOR A MINUIIS.

XX I INTEGER SECONDS/nAY

xx I FRACTIONAL SECONOS/DAY
I COLUMN 26 Is ZFRO FOR MERCURY, VENUS, AND MARS.

IGN I DECLINATION nFGREES-MINUTFS-SFCONOS
I THE sIGN IS AN 8 FOR A PLUS AND AN X FOR A MINUIS.

XX I INTEGER DEGREES

---------------------------------------------------- _

XX I INTEGER MINUTES OF ARC

XX I INTEGFR SECONDS OF ARr
I…---------------------------------------------------

XX I FRACTIONAL SECONDS OF ARC
I COLIJMN 35 IS BLANK FOR MERCUIRY, VENIJS, AND MARS.

60
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINFn IN
NUMRFR I (Y=DIGIT) I THE COLIJMN
_ _ _ _ _ _ _ I-_ _ _ _ _ _ _ _ _ I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

36 I SIGN I FIRST DIFFERENCE OF nFCLINATION. SECONnS/DAY
I I THE SIGN IS AN 8 FOR A PLUS ANn AN X FOR A MINLUS.
I I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

37-40 I XXXX I INTFGFR SECONDS/DAY
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

41-42 I XX I FRACTIONAL SECOnNnS/nAY
I I COLUMN 42 IS 7ERO FOP MERCURY, VENUS. AND MARS.

_______I- - - - - - - - -…- - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
43-44 I XX I SEMI-DIAMETER

I I INTEGER SECONDS OF ARC
I I…-- - - - - - - - - - - - - - - - - - - - - - - - -

45-46 I XX I FRACTIONAL SFCONDS OF ARC

47-48 I XX I HORIZONTAL PAQALLAXi SECONDS OF ARC
I I INTEGER SECONDS OF ARC

I |_ _ _ _ _ _ _ _ _ __I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
49-50 I XX I FRACTIONAL SECONDS OF ARC-------I… …I… I____________________________________________________
51-52 I XX I TRUE niSTANCF FROM FAPTH, ASTRONOMICAL UNITS

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
53-58 I XXXxXX I FRACTION OF AN ASTRONOMICAL UNIT

I I COLUMN 58 IS BLANK FOR LORANIIS AND NEPTUNE.

I I FIRST DIFFERENCE F TrlRE DISTANCF
5q I SIGN I ASTRONOMICAL UNITS/DAV

I I THE SIGN IS AN 8 FOR A PLUS AND AN X FOP A MINUS.
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

60-64 I XXXXX I FRACTION OF AN ASTRONnMICAL l'NIT/nAY
I I COLuMN 64 IS ZERO FOR URANUS AND NEPTUNF.----…… --I…-- -- -

65-66 I XX I EPHEMERIS TRANSIT. HOURS-MINIUTES-SECONnS
I I HOURS

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
67-68 i XX I MINUTES

I f- - - - - - - - - - - - - - - - - - - - - - - - - -… - - - - - - - - - - - - - - - - - - - - - - - - -
69-70 1 xx I SECONDS

- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
71-80 1 USED I THESE COLUMNS ARE USEn FOR OBSERVATORY PURPOSFS.

E. STAR CARDS

THFRF IS NO CHECK SUM FOR THIS CARD.

THE CARDS CONTAINING DATA FOR THE ROUTINE STAR ARE FORMATED AS SHOWN
BELOW. THE FIELDS WHICH ARE CHECKED FOR INPUT ERRORS ARE DEFINED AS
FOLLOWS:

CARD i COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINFD IN
NUMBER I (x=nIGIT) I THE COLIJMN

…__ _ _ _ _I…__ _ _ _ _ _ _ _ _ _ I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
01-07 1 ALPHABETIC I GREEK LETTER NAME

…------ ____________I … _____________I…____________________________________
0 I x I SUBSCRIPT

…__ _ _ _ I…-- - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I I NUMBER

09-Il I SXX I BLANK, NUMERICt OR ALPHABETIC CHARACTERS
I I THE SIGN IS A Y FOR A PLUS OR AN X FOR A MINUS.
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CARn I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X-DIGIT) I THE COLIUMN

- - - - - - - I- - - - - - - - - - - -_I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -__ _ _ _ _ _ _ _ _ _ _ _ _ _
12-17 I XXXXXX I NAME

I I NUMERIC OR ALPHABETIC CHARACTERS
_______ I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

18-19 I X I MAGNITUDE
I I BLANK, NUMERIC, OR ALPHABETIC CHARACTFS ONLY
I 2 _ _ _ _ _ _ _ _ _ __I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

20 I X I NUMERIC OR ALPHABETIC ONLY
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

21 I X I BLANK OR NUMERIC ONLY
_ _ _ _ _ _ _I- - - - - - - - - - - -I…I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

22 I X I SPECTRAL TYPE
I I ALPHABETIC CHARACTERS ONLY

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
23 I X I BLANK OR NUMERIC ONI.Y

I I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
24 I X I BLANK OR ALPHABETIC ONLY

I I.-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
25 I X I BLANK OR NUMERIC ONLY

- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
26-30 I XXXXX I G. C. NUMBER

_ _ _ _ _ _ _I _ _ _ _ _ _ _ _ _ _ _ _ I…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
31-32 1 BLANK I

____I - - -_ _______ _ ----------------------------------------------------
33-34 I XX I RIGHT ASCENSION

I I HOURS
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

35-36 I XX f MINUTES
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

37-38 i XX I INTEGER SECONDS
I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

39 I X I FRACTIONAL SECONns

_______ __________…_ I----------------------------------------------------
i I DECLINATION

40 I SIGN I THE SIGN IS A 0 (ZERO) FOR A PLUS
I I AND AN X FOR A MINUS.
I I…__ _ _ _ _ _ __-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

41-42 I XX I INTEGER DEGREES
I I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

43-44 I XX I INTEGER MINUTES UF A~r

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4S-46 I XX I INTEGER SECONDS OF ARr

- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
47-75 1 USED I THESE COLUMNS ARE USED FOR OBSERVATORY PIJRPOSFS.

- - - - - - - I- - - - - - - - -…- I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
76 f X I YEAR

_ _ _ _ _ _ _I- - - - - - - - - - - - I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
77-80 I BLANK I UNUSEn SPACES
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F. SUN CARDS

THE CARDS CONTAINING DATA FOR THE ROUTINE SUN ARE FORMATFO AS SHOWN
BELOW. THE FIELDS WHICH ARE CHECKED FOR INPUT ERRORS ARE DEFINED AS
FOLLOWS:

FIELD I CONTAINS COLUMNS 11-19
FIELD 2 CONTAINS COLUMNS 25-33
FIELD 3 CONTAINS COLIJMNS 40-48
THERE IS NO CHECK SUM FOR THIS CARD.

CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTERS I CONTAINED IN
NUMBER I (X=DIGIT) I THE COLUMN

…------ I--------…--- _I__________________________________________________
01-02 I XX I MONTH

I I JAN.-nEC.t 01-12
… _ _ ____I- --- ---- …--- I- -- --- --------------------- ---------------------- ---

03-04 I BLANK I
…I …I…-- ____________ I----------------------------------------------------

OS I X I SUN CODE' 0 (ZERO)
…I …I…-- ____________ I----------------------------------------------------

06-07 I

O8 I

09-ID0 
- - - I …- -
11-12 I

13-14 I

I5-16 I

17-19 I X

XX I lATE, YEAR-MONTH-nAY
I YEAR
I…---------------------------------------------------

X I MONTH
I JAN.-SEPT., 1-9; OCT., O; NOV., X; DEC. Y
I…---------------------------------------------------

XX I DAY
… I…---- I____________________________________________________

XX I RIGHT ASCENSION, HOURS-MINUTES-SECONDS
I HOURS
I…---------------------------------------------------

XX I MINUTES
I…_- -_- -_ _ _ _ _ _ _ _ _ _ _ _ _ _

XX I INTEGER SECONDS
I…-- - - - - - - - - - - -

XX I FRACTIONAL SECONDS
I COLUMN 19 INCLUOES A ROUNDING s.

…------I …--_________I…-__--______________________________________________
20-22 i XXX I FIRST DIFFERENCE OF RIGHT ASCFNSION9 SECONDS/nAY

23-24 I

2', I

26f-27 I

28-29 I

30--3 II

32-33 I

_ 

I INTEGER SECONDS/OAY
I…---------------------------------------------------

XX I FRACTIONAL SECONns/DAY

SIGN I DECLINATION OEGREES-MINUTFS-SECONDS
I THE SIGN IS AN 8 FOR A PLUS AND AN x FOR A MINUS.

I…---------------------------------------------------
XX I INTEGER DEGREES

--------------------------…-------------------------
XX I INTEGER MINUTES OF ARC

--------------------------…-------------------------
XX I INTEGER SECONDS OF ARC

I…-----------------------------------------__________
XX I FRACTIONAL SECONDS OF ARC

I COLUMN 33 INCLUDES A ROUNDING S.
______ I- - - - - - - - -…- - I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

34 I SIGN I FIRST DIFFERENCE OF DFCLINATION, SFCONns/nAY
J I THE SIGN IS AN a FOR A PLUS AND AN X FOR A MINUS.

… I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
35-38 I XXXX I INTFGFR SECONns/DAY

I I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
39 I X I FRACTIONAL sEcoNnS/DAY

-
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CARD I COLUMN I TYPE OF DATA
COLUMN I CHARACTFRS I CONTAINFD IN
NUMBER I (X=DIGIT) I THE COLUMN

- - - - - - - I- - - - - - - - - - - -_I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
40 I X I RADIUS VECTORP ASTRONOMICAL UNITS

I INTEGER ASTRONOMICAL IINITS
I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

41-48 I XXXXXXXX I FRACTION OF AN ASTRONOMICAL IJNIT
I I COLUMN 48 INCLUDES A ROUNDING S.

______I------------…I…---------------------------------------------------
49 I

50-53 I

54-55 I

56-57 I

58-59 I

n I60 I

6I-62 I

63-64 I

65-67 I

6 I8 

69-70 I

71-72 I

I

73-7q I

8 0 I

SIGN I FIRST DIFFERENCE OF RADIUS VECTOR, ASTR. UNITS/DAY
I THE SIGN IS AN 8 FOR A PLUS AND AN X FOR A MINUS.

I…---------------------------------------------------
XXXX I INTEGER ASTRONOMICAL UNITS/DAY * (10*0-7)

…__ _ _ _ _ _ _ _ _ _ I…-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
XX I SEMI-DIAMETERP MINUTES-SECONDS

I INTEGER MINUTES OF ARCI…---------------------------------------------------
XX I INTEGER SECONDS OF ARC

I…---------------------------------------------------
XX I FRACTIONAL SECONDS OF ARC

SIGN I EOUATION OF TIMES MINIITES-SFCONnS
I THE SIGN IS AN 8 FOR A PLUS ANn AN X FOP A MINUS.
I…---------------------------------------------------

XX I INTEGER MINUTES
I…---------------------------------------------------

XX I INTEGER SECONDS
I…---------------------------------------------------

XXX I FRACTIONAL SECONDS
I COLUMN 67 INCLUDES A ROUNDING S.

… I…--------- I____________________________________________________
SIGN I FIRST DIFFERENCE OF FOUATION OF TIMF SECONnS/DAY

I THE SIGN IS AN 8 FOR A PLUS AND AN X FOR A MINUS.
I…---------------------------------------------------

XX I INTFGER SECONDS/DAY
I…---------------------------------------------------

XX I FRACTIONAL SECONDS/nAY
… I…--------- I____________________________________________________

I JULIAN OATEp DAYS
XXXXXXX I INTFGRAL DAYS

I COLUMN 79 HAS AN OCCASIONAL X OR Y PUNCH.

I…---------------------------------------------------
X I FRACTIONAL DAYS

I COLUMN 80 HAS AN OCCASIONAL x OR Y PUNCH.

64


